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tf WHAT CAN Wl HE A3 01* BUT I*OM WHAT Wl KNOW? 1 ' 

fortt 

Every effort towards the elucidation of an iirw 
portant phenomenon, carries its apology along 
with it ; otherwife I fhould be fearful of offend* 
ing that critical nicety, which in our age lays fo 
much ftrefs upon words more than matter. Pur- 
fuits in EleQxicity have of late been more languid 
than formerly — not that the fubjefl: is exhaufted, 
but that other matters haye engaged the philofo* 
phic world. If I prefume to renew the enquiry, 
and add a few plain fafts in a plain way, I hope it 
will be forgiven. 

Atmofpherical EleQxicity has, in my opinion, 
been much lefs an objeQ: of philofophic enquiry 
than it defervps $ but more particularly fo, as it 
relates to Botanical Meteorology. Though we 
haye been tolerably inftrufted in the identity of 
lightning and $le£tricity, and exhibit in our ex- 
periments, many ftriking analogies ; yet the per- 
petuity of Atmofpherical Ele&ricity, has not to 
my knowledge been afcertained by any writer on 
ele&ricity before. Obfervations on this pro- 
perty 
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perty have been my ftudy and amufement for 
fome years ; and, I hope the fimple narrative I 
have given of them in the following work, will 
have novelty in it at leaft. 

The Ele&rical Experiments on Combuftion, I 
alfo prefume to think are new : they have to me 
thrown confiderable light on that controverted 
fubjeS, the rife of vapour, as well as on the fup- 
pofed affinity between eleftricity and culinary 
fire. 

The Doubler of Eleftricity has made its ap- 
pearance in the Philofophical Tranfaftions ; it is 
an inftrument of great curiofity. I have taken 
fome pains to improve this inftrument, but con- 
fiderably more with a view to afcertain its real 
powers and properties, and * have applied them 
fuccefsfiflily in explaining various phenomena re- 
fpe&ing Atmofpherical EleQxicity. 

Spontaneous EleQxicity is no new difcovery $ 
many eminent EleQricians have in their works 
juft touched upon it, without forming any defi- 
nite opinion, or applying their obfervations to 
elucidate the phenomenon of Lightning. I have 
called in its aid, or rather fixed it as a bafis, 
whereon to eftablifh the following Theory on 
Lightning; and which, I truft, will afford fome 
relief, efpecially with refpeQ to the vaflrquantity 
ofiu 
y.. % Atmofpherical 
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Atmofpherical Eleftricity will be found, when 
purfued experimentally, a field full of pleafing 
objefts, and which arife from caufes feemingly 
the flighteft imaginable. Scenes like thefe, in 
which we fee a gradual rife and progrefs in things, 
always exhibit a pleafing fpe&acle to the human 
mind. Nature, in all her delightful walks, 
abounds with fuch views. 

As to myfelf, I find it abfolutely impoffible to 
produce a work on this fubjeft that (hall be any 
thing like complete. My original defign of mak- 
ing experiments and memorandums, was only for 
my own inftru&ion and amufement ; nor had I 
the leaft idea of communicating any part of them 
to the public. N But feveral perfons converfant 
in eleftricity, have expreffed a wifh, that the fol- 
lowing Eflay might be preferved. From a ge- 
nuine love of fcience, and of mankind, I imme- 
diately communicate to the curious, in this 
branch of Philofophy, whatever has occurred in 
my inquiries. He who does not foolifhly afFeft 
to be above the failings of humanity, will not be 
mortified, when it is proved that he is but a man ; " 
this will ever be the cafe in the progrefs of natu- 
ral fcience, fo long as the works of God are like 
himfelf, infinite and inexhauftible : how few fteps 
we take therein before we approach that veil of 
nature which man cannot remove. 

I cannot 
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I cannot help befpeaking the Reader*! candour 
/with regard to my own inability, and want of 
learning for fuch a work a* this ; and hope, that 
he will be induced to make foine favourable 
allowances for any errors which he may dtfcover, 
and kindly correft them for bimfelf. Permit 
me, therefore, to conclude this Preface, with that 
humble requejl of the illuftrious Sir Ifaac Newton, 
which, although in him it might well have been 
fpared ; yet a more modeft one cannot well be 
exhibited for the moft defe&ive performance, 
even for this of mine. 

m I heartily beg that what I have here done^ 
M may be read with candour ; and, that the de- 
" fefts I have been guilty of, upon this difficult 
m fubjeft, may be not ft> much reprehended as 
u kindly fupplied, and investigated by new en- 
u deavours of my readers V* 

* Preface to hit PlrincipiaY 
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CHAPTER I. 

Containing a Summary Viety of Spontaneous 
Ek&ritity* 

TjpXPERlJilENTa to fNK><toee ele&ri<%> without the 
*** aid of frfcftkihf ha* of fete year** be*n diwfified and 
comhined in ajmbft every method poiftblei a particular 
account of all the cirCumffe&CfS^ tfhidk hjtvs attended 
thefe experiments would be toa prolix and tedious* I 
(hall therefore content myfetf with a flip* recital of 
feven or eight of the main ones; and then make a 
few emcife ohfervations* tfo\t v^ill naturally a*if<?j and 
which 1 cannot d& better than by writing the narrative 
neatly in the order <tf tfcw ift M&&H &• apfiearance* 
occurred* 

Exp£KlM£tf T I*— Jfy warming ike deflru\-~*I fcnpw of 

none prior to thofe made with the Tourmalin* The eleo 

B tricity 
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tricity of this ftone is excited by heating it, and is fo fen* 
fible, that Mr. Wilfon found that removing the Tour-* 
maiin from one room to another, in which there was fotii'6 
difference of heat, was fufficient to excite it. Mr. Can- 
ton, obferved, that the Tourmalin emits and abforbs the 
eleftric fluid only by the increafe or diminution of its 
heat. 

Notwithftanding the care and attention given, to this 
ftone, by thefe two eminent ele&ricians; yet, one of its 
properties efcaped their obfervation, and was referved for 
the penetrating fagacity of Dr. Prieftley, which is this, 
a that the fame flat fide of tire ftone, would often be 
cc ftrongly pofitive and negative at the fame time*" 
Confequently the middle part of that fide of the Tour- 
malin, between the two ele&ricities, muft be in its natural 
ftate. 

Experiment II.— By the liquifattion tfikfirUfub/lancej. 
— Mr. Wilke melted fulphur in an earthen veflel ; then, 
letting it cool, he took out the fulphur, and found it 
ftrongly ele&ricaL He then melted fulphur in glafs vef- 
fels, whereby they both acquired a ftrong eleftricity ; the 
glafs was alVreys pofitive, and the fulphur negative. 

Experiment III.-— By the evaporation of water«*+The 
methods ufed by Mr, Vol ta, and other eledricians, . to turn 
water into vapour, in order to excite and examine its elec * 
tricity, have been various. Several years fince, I law 

* Ste Dr, Prieftley** Hiftory of Eleftricitjr, page 71*. 

Mr. 
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Mr* Vplta obtain a very fmall . quantity of electricity, 
Iron* the Amies of a mixture of water, oil of vitriol, arid 
filings of iron* 

Experiment IV.— From a faint received from Mr^ 
Volta, I made the following fimple experiment, which any 
body may repeat with eafes who has glafs or wax to infulate 
a vcffel. I cdlle&ed into an earthen veflel about a pint 
of red-hot cinders, which was placed upon a glafs ftand ; 
'acrofs the top of the veflel was laid a brafs wire, with two 
fine linen threads fufpended at one end of it, which were 
to ferve for an ele&rometer j a tea-cup full of water was 
then thrown on the red-hot cinders, and the threads, in* 
ftantly diverged two inches with negative ele&ricity. 

' The method, of performing this fine experiment, by the 
Reverend Mr. Bennet, F. R» S» is much more neat and 
elegant His gold leaf ele&rometer being well adapted 
to the performance of experiments of this kind. He, 
places a metallic cup- upon the cap of hi? ele&rometer, 
..with one or two red-hot cinders in it, and ,then lets fall 
a ipoonfull of water upon the hot cinders, and the gold 
leaves foon open with negative ekdricity. 

Experiment V.— Butthefetwo methods of performing 
the fiune experiment, only extend to,, the ftate in which 
the apparatus is at the time when the vapours afcend, and 
then it is always found eledrified negatively* Confequentty 
it was -natural to conje&ure, that die afcending vapours 
mufthaveabforbed, while they were forming, a quantity 
of the ele&ric fluid, and therefore muft be in a pofitive 
Hate; which has fince been verified by my own experi- 
b 2 ments. 
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jnents. The method I purfi* to verify it is, by infiilatmg; 
.a targe hollow tin cone, containing about four fteets of 
tin plates, with many yards of finall wive coiled Up within 
it 5 one end of the wire is made to extend from the apex 
of the cone* (which is open) to a very ftnfiblc • electro- 
meter- The cone and wire collcS and coiidbnfe die af- 
cending electrified vapour, as it quits the inflated veffdl 
placed under it, which always ele&rifies the ek&ometer 
connefted wkh the cone, pofitively ; and Ac other ekftro^ 
meter, which was connected vrith the veffel whence tfaf 
-vapours arofe, negatively* 

Experiment VI.— By comi>uJ1ioti.~-This maybe con- 
fidered as an evaporation of the higheft degree* That 
bodies puffing from a (olid or fluid ftate r into vapour r give 
imeqaivocai proofs of pofitive or negative ele&ricity being; 
• combined wkh them m that ftatc r is. now evident. I have 
burnt feveral different fubftances in initiated veffel s y under 
the tin cone defcribed in the preceding experiment. The 
confequfence was that the cone became perceptibly elec- 
trified. One of the fubftances confumed in the aforefaid 
manner, was dry wheat ffvaw, by which the cone became 
weakly ele&rified* pofitively. 

Experiment VIL— Having by me a f isantky of rofin 
and bees wax melted together, but in what proportion, to 
each other I have entirely forgotten, I placed about half 
a pound of it in an iron ladle, and made it finoakiftg hot on 
a coal fire : die ladle .was then tstken from the fire, and 
' placed on the glals ftand under the cone, and a piece of 
lighted paper was thrown into it, which put the fingakiag 

hot 
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*cJt compound in a Usee;, whteh foon gave evident "figna 
of die prefence of the doOric fluid. The efaftroifceter 
conne<ftcd with die cone,. Was de&rified negatively; tbe 
threads opening near two-tenths of an inch. The force 
of tbe fire having ceafed, and the cone cooling pretty feft, 
I was agreeably. fmprizecL to obferve the threads, opening 
ftill wider; fo that in a few minutes, they were ftationary 
at near half an inch apart; 

Experiment VHL— About a quarter of a poonicf 
(hellac, was- placed: in the iron ladle, and made fiaodfctng 
hot on the fire; the ladle was then taken from it> aadpbeed 
on the glafs ftand, under the cone, and the hot lac was 
put in a Maze with lighted paper, the thread* opfcncd w^ga- 
ti vely by the ele&rometer ccftmelted wkir die cone; 

Experiment IX.— A brownearthendiffiwas placed bit 
the glafs ftand, under the cone; in diedifh was laid a'hand* 
fill of dry hay, and inflamed by means erf lighted paper, 
then more hay was thrown in, to keep up^he flame a- little 
longer; which caufed the threads of thcele&rometer* con*- 
ne&ed with the drfh, to apten pofitively; but that con- 
nedted with the cone flfowetf no jigns dP elofeictty* In 
this, and the preceding* two experiments, the charge in- 
creafed quickeft immediately- after die Hl&ze Had ceaftd* 

Experiment X^— A chafing-dift filed with Waring 
coals, was placed on the glaft ftand undertha cone, and^the 
fire was raifed by means of a pais of bellows; the eke* 
trometer connefted with die- chafiftg*dMh waa efe&rified 
pofttively, and that with die cone wafr juft* fenflbly nega- 
tive- I then repeated* thi* experiment tb fttitfy myfclf 
» 3 morg 
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more jpetfeftly, but with lefe fucceft than before for no 
ele&ricity appeared in the cone, and fcarce any in the 
cbafing-daib, which however feemed to be pofitivc 



Experiment XL— Every part of die apparatus remain- 
ing as in the /preceding experiment, and the embers in the 
cbafing**difli being red-hot, a lump of fulphur was dropped 
into them, but I quickly found the noxious effluvia too 
fuffocating to allow me to attend to the operation; When 
they were a little fiibfidcd, I approached near enough to 
gBakfii.an okfervation, and found that both eleftrometers 
Jho#ed figns of negative ele&rkity. 

However copious the difcharge of die ele&ric, fluid may 
be, by CQmbuftion, the quantity obferved in the preceding 
experiments is very fmall. I conjecture that it may be 
owing to an intimate union arifing from a ftrong affinity 
jthat. there is between flame, and the ele&ric fluid; and 
that the portion of fluid detached from the burning body 
in our experiments, is not at all fufficiently condenfed 
to quit a better condu&or for a worfe. As to the fmoke, 
which is unavoidably raifed by combuftion, it can by no 
means v affe& the experiments, becaufe fmoke near the 
burning body, forcibly refifts the paflage of the eleftric 
fluid* Flame on the contrary greedily abforbs it, and 
carries it away* and therefore, how any, even the finalleft 
quantity erf the ele&ric fluid, fhould be detained by the 
apparatus, is to me very unaccountable. And to obtain 
even that little portion, which it is poffible to colled from 
the flame of the combuftible fubftanqe, depends more upon 
the goodnefs of the infulation of the apparatus, than upon . 
any other, eircumftance whatever* The two following 
experiments evince thefe ajfertipns on flame and fmoke. 

ift. 
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ift. Let a bottle (prepared for the Leyden experiment) 
be ^ixed to the end of a metallic rod & foot long, which 
will ferve as a handle. Charge the bottle, and hold it by 
the metallic rod, and pafs it with a quick motion through 
a column of flame, raifed from any combuftible fubftance. 
The confequence is, that the ele&rica) equilibrium of the 
bottle will be as completely reftored by the flame as if it 
had been plunged into water. - , 

2d. Vary the experiment, by paffing the charged bot- 
i tie through a column of imoke, inftead of flame; and 

\ it will come out of the fmoke with its ele&ric charge 

undiminifhecL 

! '. ■ . ' : ' - ; 

r. It is neceflary in both experiments, to pafs the bottle 

with a quick motion. In the former, to prevent the bottle 

i from breaking ; and in the latter, to avoid as much as pof- 

fible the foot of fmoke from fixing itfelf on the uncoated 
part of the bottle, which would defeat the experiment, 
becaufe foot feparated from imoke, is a conduSfor of elec- 
tricity, 

Thefe fa&s feem to have fome connexion with another 
mentioned by Sir William Hamilton, in his accurate and 
circumftantial description of die eruption of Vefuvius in 
1779. Which eruption was evidently accompanied Wrth 
great quantities of ele&rioity, which flafhed among the 
flames, and in die Weft part of the finoke of the burning 
mountain, but could not penetrate the column of finoke 
fufpended over the flames, and thereby afcend into the 
higher and cloudy atmofphere. He defcribes it thus : 

84. « Puff* 
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« Puft t>f black fitoke facceedcd one inother haftily, 
abd feccgnipttttei the red-hot* tranlpafent, and Uquid lava, 
within "which fmtfte I perceived * bright, but pale* eledric 
fire, brifldy playing about, in, rig-sag lines* This black 
cloud of frnokfc was charged in its courfe with ek&rica! 
matter, wtorch darted is ftcon£ and bright aig-zags, juft 
Jik* thofe dpferibed, by Pliny the younger in his, letter to 
Tacitus. This volcanic lightning* however* very rarely 
quitted the cloud) but ufually returned to the great column 
Pf/r? tpwardsthe center of the volcano, from whence it 
originally came.'* 

Sir William Hamilton might eafily imagine that the 
volcanic lightning was connected with the lower furface 
of the column of fmokc, becaufe there the greateft efforts 
of .the highly de&rified flames would be exerted, in order 
to penetrate and pafs through it;confequently its operations 
muft he there moft compicuous. 

Experiment XU.— Hot e iris not a condufttrtf eleftri- 
city. — It is inconteftibly proved, that glafs heated beyond a 
certain degree, is a condudor of electricity. But it has 
not yet been discovered in what manner heat in,gkfs con- 
tributes to that effect It has, been alio commonly faid, 
that hat air «mdu$s ^eftriaty. , With a view to af^er- 
t$m HA* Wetter ths following experiments were made. 
To one end of a long piece of wood (which ferved as * 
handle) wis fixed a glafs rod, fifteen indies long; to the 
Gemote end *f the glais wa» fixed a pith-b^ll eleftrometer. 
Httriqg *te&rf6cd*e balls, 1 held them by the woodhandle, 
and pfoyeAed diem into a large oven, immediately after 
the fire was drawn out of it; the confequence was, that 
vAen I performed the operation flowly> the balls loft their 

ele&ricity; 
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ele&ricity; but that when done quick, with as little delay 
as pbffible, their ele&rte charge was notdiminifhed. The 
lofs of ele&ricity in the firft cafe was found to have ek 
caped along the glafs into the wooden handle, and fo to the 
earth, owing to die great heat die glafs rod had acquired, 
by which it became a conduftor of the fluid j for until it 
had cooled a little the balls could not be charged again, 

I fhall lay before the reader one circumftance more, 
becaufe it may tend to throw light on what degree of heat 
the oven was in, at the time the obfervations were made* 
The ba.ker having pointed out to me the hotteft part of the 
oven; with a quick motion in and out, I plunged the elec- 
trified balls into that part of it, by which one thread and 
ball was burnt off, but the remaining ball flawed that it 
ftill retained its eledric charge, becaufe it was ftrpngly 
attrafted on the approach of my finger. I did not choofe 
to hazard Farenheit's thermometer, to afcertain the heat 
of the air in the hotteft part of the oven, but being placed 
near its mouth it rofe to 102°, 

An apparatus for collecting die ele&ricity of the atmof- 
phere, in order to afcertain its ftate, and the quantity of 
fluid, in all forts of weather, by day or by night, (which 
generally confifts of high pointed and infukted conducing 
rods, conne&ed with an ele&rometer&c.) may juAiy be 
confidered as an inftrument daily producing fpontanefcua 
eleftricity, which it fimply receives from the aqueous v*i 
pours fufpended in the atmofphere. The defign of its firft 
contrivers was principally tocolleft into botdes fome light- 
ning, during thunder ftorms; but theyfeemed to have had 
no idea of there being fome ele&ricity, conftandy pitfcht 

in the aqueous vapours. 

The 
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•The , common and revolving douhler of eleftricityt 
alwpys produces thq ele&ric fluid without fri&ionor pre- 
vious communication. Thence, it is that fuch productions 
are termed fpontaneous. The great powers of the revolving 
doubler are apparent; which from, its. peculiar manner of 
augmentijig otherwife infenfibly fmall quantities of ele&ri* 
city, even to vifible fparks $ feems toaftonifh the beholder. 

Atmofpherical electricity, fimply confidered, is ftri£Uy 
fpontaneoas, as fome of the foregoing experiments and 
obfervations tend to ifluftrate and confirm, I no\V find no 
difficulty in the obtaining of it at all times, as it is always 
obfervable, more or left, even during temperate weather, 
where no feeming irregularity reigns in theatmofphere, fuch 
as conftitutes thunder-gufts , which fhall by and by be 
briefly confidered. The difficulty accompanying the In- 
teftigation of atmospheric electricity, was formerly owing 
in fome degree to the want of means fufficient to obtain 
the eleftricity in certain forts of weather; this is now re- 
moved, and the means, and manner of doing it, 'is here 
I truft, made plain and eafy to the reader, 

. During moderate weather, the aqueous vapours fufpended 
in the air, are generally found by experiment, to be in a 
ftate of pofitive ele&rification, to the height my pointed 
rod reaches; which is fucty-one feet; how much <higher 
the pofitive ftate of the eleCtric fluid extends, I am not 
certain. The intenfity of the ele&rified vapour within 
this height, gradually decreafes as it approaches nearer the 
fijrfece of the earth* Yet I doubt, whether this is a real 
h& or only a circumftantial effeft. For in this cafe it 
may be, that the nearer all things approach to an equal in- 
tenfity, the ufual figns of the prefence of the electric fluid 

muft 
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muft of court grow lefib and become extind. . However, 
I )ave fanetimes found the ele&rified vapour, within fix 
inches or 1e(s of the earth's furface, negative; when at the 
fame time, at a confideraMe greater height, it was pofitive* 
But at what height the neutral or rather natural ftate of 
the vapour happens to be between die two ele&ricitjes, fo 
circumftanced, is fo nice a point, that I could never accu- 
rately determine it. At other times, when the vapour is 
rather more than commonly ele&rified, its pofitive ftate 
feems to take place on die furface of the earth itfelfj but 
in this cafe alfo, the intenfity of the fluid increafes as its 
diftance from the earth increafes, 



CHAPTER II, 

Experiment* and Observations on Heat. 

WE confider the fun as the primary fource of heat 
upon the furface of the earth, and the atmofphere; 
without this, all the bodies upon our globe would doubt- 
lefe grow rigid, lifelefe, and fixed. Hence I confider heat 
to be the immediate caufe of motion to die ele&ric fluid, 
contained in the earth and waters ; by agitating the cor- 
pufcles of natural bodies, and continually ftirring or ex- 
siting fuch a degree of motion in the (mall particles of 
matter as is fufficient to excite their natural ele&ricity. 
The truth of this remark is eftabltfhed upon various 
effects, and I think, by the before-mentioned experi- 
ments, on fpontaneous electricity. 

Whether 
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* Whether tre confider heat as foiar or fubtterraneeras* or 
frith; as relative to the efaftric fftiid, it matters hot. Be- 
cause it appears both by nature and art; that generally* a 
certain degree of heat is nec*#*ry to diflodge the eieftric 
fluid contained in the pores of bodies. It is well known 
t&at hioiz&s more powerfully on water ^ than on air \ and 
many other natural bodies, *» for that the fame degree of 
Keat, whif K rarffiej air two-thirds, will rarify water near 
fourteen thotnarid times*.** Thus in winter when the atmof- 
pherc appears cold to our bodies, it ftiff contains a degree 
of heat fufficieritto change water into vapour, though that 
degree of heat can fcarcely" affect air. ' ' ' 



Heat communii nit ■! in whij cau&s a feparation beyond 
the fphere of corpufcular attraction, by which means the 
volatile particles will fly off attbefarface, in the form of 
.vapour : when by heat the particles are feparated from their 
contact their repulfive force grows ftrooger, being alio 
aided in their rife when in air, by the well known repulfive 
force of the ele&rir fluid, which I fuppofe, has even no 
weight at all, and which is naturally connected with every 
particle of water, fo that the fame fltould be expanded into 
a very large fpace, by becoming electrified vapour, may 
poffibly take up more than ten* thoufand times the room it 
did in the form of water j having thus become fpecifically 
lighter than air y muft neceferily be buoyed up into the 
atmofphere, and there form the clouds, &c. If die vapour 
in its egrefs, be at all viftWe, and having attained the 
height of five or fix inches of infulation in air, it will 
evince by proper inftruments that it is permanently 
electrified. 

* Philosophical TranfadHons, N° 407, 

It 
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It ha$ already been &id, that (be vapom* ittfpettded jf 
the air, are generally found to be in aw^rate weathsfc 
defirified pofitively. If it Jbe jufl: .to transfer the applica- 
tion of -tbe-fatfts, which ari£b from ourfificbl vapour, mbA 
by .means' of Are, n> vapour raHM naturally, we cannot 
avoid concluding, that natural vapour muft be in ajrafitbt 
itate the moment it quits the earth and waters; as th£ 
experiments on evaporation of water abundantly confirm. 

Moreover heat and water are GonduAors cf eleflf kityi 
And their being always combined in vapour, muft inefceafe 
their capacity for retaining *le£bic»ty, fo that water in it* 
jrarified'ilate, <requii*s, ;and will afaforb anore of ikecfec* 
trie fluid, than when in its denfe ftatc as water; and< the 
vapour by rifing into cooler air, will be gradually con- 
densed more' and mote, which muft heceflarily intrtafe 
the iotek/Sty of its pofitire charge. Thus we fee, how 
•heat and cold may be confidered as a general* if not 
the ,fole caufe,. why we almaft always find by expert 
tnent, the vapours fufpeoded in the atmolphere, icieitii&ed 
pofitively. 

That heat, by its power of penetrating and expan&nj 
all grofs bodies, and thereby weakening the atto&ve 
/orce of their component particles, jnuft by £& mode of 
vibration amongft the conftituent parti of matter* nnwe 
or excite the ele&ric fluid, lodged within them > nature, 
-as wcH as art, fcems to afford fufficient proof. £Me jyhy 
more lightning in fummer than in winter ? Ax* »ot the 
different degrees of heat between thofe feafons, one, if 
not the main caufe ? Thfst beat fpnply confidered is pot- 
feffled pi the power of conducing the eleftric fluid* Bf* 
i : • Prieftlcy 
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Frieftley bbferves. a From thefe experiments, (vtz> on 
beat) and fhofe on ice, I concluded, that fluidity, as fuchj, 
contributes nothing to the conducting power of fubftances* 
feparate from the beat which makes them fluid." As 
may be feen more ajt large in his excellent Hiftory of 
EleSricity, Section IV, on die Conducting Power of 
Subftances, page 609. 

Dr. Prieftley obferved, « that a red hot poker placed 
between two brafs knobs, one communicating with the 
infide, and die other with the outfide of the charged bat- 
tery, promoted the. difcharge at about twice the ufual 
diftance. Both fides of the hot poker were marked with 
an imperfe£k circle. '■> 

•*■>• . ' . , , 

«He brought the flame of a candle between the two brafs 
knobs, and obferved, that as the flame advanced towards 
diem, it began to be put into a quivering motion, exceed- 
singly quick, and was ifarongly drawn both ways towards 
each knob, leaving the wick bare at the top ; and as loon 
as the flame was quite between the knobs, the battery dis- 
charged at once, at the diftance of three inches and >an 
half/ 9 He further adds that, « this is a very fine experi- 
ment. The interpofition of die flame between the, two 
brafs knobs is like putting fire to a train of gunpowder^ 
which explodes immediately." 

I would farther add by way of inference drawn from 
both die above mentioned experiments, which agree well 
With my ideas, that they afford figns equally decifive of 
two oppofite currents, running into one another, in the 
middle of the interrupted fpace> within the circuit of corn- 

* munication 
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taUrtication, between the fides of the battery, which how-' 
ever, I fhall endeavour to difcufs more fully in the fixth 
chapter. * i 

That heat limply eonfidered* a&s immediately 6n ft^ 
natural eleftrieity of. the Tourmalin (anda variety of other 
gems) is well attefted in the Hiftory of Eloftricity; and 
has been noticed in the firft page of this work/ 1 That it 
becomes ele&rified, merely by heating and cooling, with- 
out Fri&ion, has been verified by feveral eminent ele&ri- 
cians. I have obfeirved in the eleftricity of fogs, thai 
When a fog fuddenly became thick and dark, the intenfity 
of its eleftric charge was fuddenly increafed alfo; on the 
other hand, when a fog begins fuddenly to fubfide and 
clear up, the eleftrft; ftate of its remains H but weak. 
But I % never obferved the eleftricity of a fog change in 
kind. I fuppofe that fudden changes in the denfity of the 
Fog, is owing to a quick change of heat and cold ; howi 
ever, thofe fudden changes in the intenfity of their elec* 
tricity, generally reminded me of Mr, Canton's following 
obfervation on the Tourmalin viz. That the eleftHfc power 
of the Tourmalin does 4 not 'depend on any particular de* 
gree of heat, but that the circumftance of changing its 
degree of heat, gives eleftricity to Msjtbnr. r - • * 

* Heat a&s upon the eleftricity of bodies artificially elec- 
trified. Mr. Canton, procured fomethto glafe- ballsy of 
about in inch and a half diatoe*er, }, with ftems or tubes 
of eight or nine inches-in length, and efe&rified'them; 
fome pbfitively on the inftde* *hd other* negatively, and 
then fettled then* hermetically. ; Soon after he* applied the 
naked balls to his elefitrometefi and could nsttlifcover the 

l^aft 
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leaft fign of their being ele&rificd* but holding them 
before the fire, at the diftance of five or fix inches, they 
became ftrongly ele&rical > and more fo when they were 
cooling. Heating them frequently, he found, would fen- 
fibly dtminiftx their power ; but keeping one of them under 
water a week, did not appear in the leaft to impair it* 
Some of hi* balls retained their virtue upwards of fix 
years, but in a Ids degree* 

I have fucceeded in the lame experiments, or I would 
not haqe mentioned them here. Becaufe Dr.Prieftley 
failed in his attempt to repeat them after Mr. Canton* 
The Doctor's failure was owing, as he himfelf juftly fup- 
pofed, to his glafs balls being too thick. There is, how-* 
ever, ope circumftapce worth mentioning, which accom- 
panies thefe experiments, and which Mr. Canton feems 
ft have overlooked, as he has not mentioned it, viz. that 
the electricity produced by beat, on the outfide of the 
glafs balls, is always the feme in kind with that within 
them. Confequently, frequent heating the balls, muft 
leflen their ele&ric charge j and is a ftriking proof of the, 
permeability of thin warm glafs to the eje&ric fluid. 

m I fhall add only thi* or*e experiment more on heat. The? 
indefinitely finall remains of eleftricity, in a difcharged 
Leyden bottle, are put in motion by the heat of the hand 
only. It was difcovered in the following manner. I was 
(bowing a gentleman the power, and utility, of V oka's 
Condenfer of fle&ricity. l|i order to whi^h a heyfcn 
bottle was charged and theft difcharged, by torching its 
coated fides with a difcharging rod. It now appeared to 
be deprived tf all it* deflffoity i yet if I held it by the 

coating, 
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Abating, and touched with the knob of it the metal plate 
of the condenfer (placed ujton an imperfeft cohduftorj 
arid held them in conta& a few fecorids of time, then re-» 
moved the bottle, and took up the metal plate by its inf- 
lating' handle, and pfefentea it to a ferifible eledtrometef, 
the eleflricity was ftrong enough to enable me to afcertain 
its quality. But thefe beautiful effects diminifhed by repe- 
tition ; and I repeated the experiment until no ele&ric figns 
appeared in the condenfer* However, while we were talk- 
ing the matter over, I ftill held the bottle in my hand; 
f and after a long interval of time, from our laft trial5 I re^ 

| peated die operation once more ; and, to our. aftoniftiment, 

f we found the bottle ftill • ftrongly eleftrical. Thi£ new 

I revival of the electricity we could attribute to nothing 

1 but the difFufive warmth of my hand, axSing on the elec- 

| ', , tricity of the bottle; This fet us to work again) and to 

try the botth by turns in a warm and cold ftate, and we 
found that our conjecture of the c^ufe.was confirmed. by 
i repeated trials* 

! I now fat by- the bottle all night, in its prefent ftate 

f of ele&ricity, and next morning I repeated the operation 

! with it in a cold ftatei and could not difcover the leaft 

I fign of its being ele&ri'fied f I then grafped it in feveral 

places on the coating with my hands* till it became warm, 

|' and then repeated the experiment in the ufual way, and on 

j prefenting the plate of the condenfer to an ele&rometer* 

| it charged it pretty ftrongly; I repeated thefe trials, with 

the fame bottle, but without any additional charge, three 

fucccflive mornings and the effeft was nearly the feme* 
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CHAPTER III. 

. Containing fome general Laws arifing from Expc* 
riments and Obfervations on Atmospherical 
ElcBricity. 

I. HPHE electricity of the atmofphere is invariably of 
-*• the pofitive kind in moderate weather, both in 
fumtner and winter, day and night, during the funfhine, 
or in gloomy weather. It fhould feem, therefore, that 
the electricity of the atmofphere is eflentially pofitive. 

2. In foggy or thick weather, without clouds, if the 
air is at the fame time {harp or frofty, the electricity of 
the atmofphere is generally vigorous-; but fog accompa- 
nied with warm air, and going to refolve into fmall rain*- 
is fure to afford none, or but very weak figns of electri- 
city, yet they are generally pofitive. 

3. Warm moift air is never ftrongly electrical. But 
the quantity of electricity is by no means proportional 
to the quantity of riioifture in the air, and it is often the 
contrary. An intenfe electricity depends more on the 
quality, than on the quantity of moifture. 

4. In dark cloudy weather, without rain or ftrong winds, 
atmofpheric electricity, is generally governed by the fame 
laws, as in more clear ferene weather, and is therefore 
pofitive. 

5. Rain 



r 
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* 5. Rain after a continued fucceffion of moderate wea- 
ther is always electrified negatively; and very intenfely 
fo, if the fliower be heavy, and its drops large* Such 
a fhower of rain commonly becomes pofitive about the ' 
middle of it, after that ends as it began, negative ; but 
if otherwife, it is from the beginning to the end of it 
negative. Other rains are not fo regular. 

6. When rain falls plentifully without a ftorm, its elec- 
tricity is not fo varied in kind nor quantity as when 
accompanied with a brifk wind, and black clouds* 

7. Storms of wind, accompanied with heavy black clouds* 
rain, hail, or filow, are always very intenfely ele&rified* 
But the intenfity of the ele&ricity during fuch ftorms 
is variable. Thus in ftbrmy weather we fee the eleftricity 
ftrong, then weak, and in a moment after rife to its former 
ftrength 5 one inftant pofitive, and the next negative. I 
have feen thefe changes fucceed fo rapidly, that I had 
fcarcely time enough between thfc intervals to note them 
down. 

8. The atmofphere is generally but weakly electrified 
during high winds with a clear Iky; and during ftrong 
eafterly winds with or without a clear fky. Strong gales 
of wind fimply confidered, always diminifh the intenfity 
of atmofpherical ele&ricity let them blow from what point 
©f the compafs they may. , 

9. The intenfity of atmofpheric eleQricity is augmented 
by cold. This is very eafily obferved in foggy weather* 
And from the numerous observations which I have mgde 

c 2 on 
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on this fubjeft, I am led to a belief* that this increafe o( 
efeSricity by cold, and the contrary* is a general law, and 
takes place in almoft all the atmofpherical phenomena} 
fo that there is an increafing progreffion from the fmalleft 
figns of eleftricity, ufually obferved in warm fmall rain, 
to rain with large drops, and fo on to fnow and hail; for 
hail fhowers of all others are the moft intenfely ele&rified« 
There are, however, feveral other circumftances which 
concur to the produflion of thefe efFe&s, fuch perhaps as 
the height whence the meteors defcend, &c* 

10. During a courfe of (erene weather, it is eafily ob-^ 
ferved that atmofpherical ele&ricity is fubjeft to a' flux 
and reflux, Which caufes it to ihcreafe and decreafe twke 
in every twenty-four hours* : . The moments of its greateft 
ftrength are generally after the rifing, and a little before 
and after the fetting of the fun, and thofe of its greateft 
weaknefs are from mid-day to about four o'clock, and 
midnight. 

The caufe of tfoifc periodical flux leemfc obvious ; for as 
foon as the fun warms the earth where the obfervation 
is made, and in proportion a§ it rifes above the horizon, 
the atmofpheric eleQricity augments, becaufe the vapours 
Which then rife carry the eleftric fluid from the eafth 
ihto the atmofphere ; but when the fun has attained the 
meridian, the heat increafes in a greater proportion than 
the evaporation, the air becotaes dry, and will therefore 
hardly tranfinit the eleftricity^ The high pointed rod will 
now exhibit weaker figns of eleftricity* there being but 
little moifture in the lower region of the atmofphere* 
But when the fun is near fetting the air grows coo), be* 

comes 
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comes humid, and tranfmits more abundantly the eleftricity 
of the earth, which gradually increafes in its intenfity; 
the electrification of the rod will now rife again with the 
evening dew, till two, three, and fometimes four hours 
after fun-fet; and then, as I fuppofe, it muft gradually 
diminifli to the next morning *. But is never quite de- 
ftroyed if the infulation of the rod is not injured by the 
moift night air* 

In purfuing the eonfideration of this fubjeft it appears 
that the eleftricity of the atmofphere (the conftant exift 
ence of which has been abundantly proved by experi- 
ments) and its flucluations, are principally depending on 
the viciffitudes of heat and cold, and upon the aqueous 
vapours ; but there are feveral other phenomena concerned 
in it. Thus the regular rotation of the heat occafioned 
by the diurnal motion of the earth, the drynefs or moifture 
of the atmofphere in particular feafons, and various other 
phenomena, muft naturally affefl its periods of increafe 
and diminution. And though thofe peripds are fubjeft to. 
fome variety^in point of, time, yet upon the whole the fafts 
mentioned above are indifputable** * 

The eleflricity rifes invifibly from the earth, concealed 
in the aqueous vapour; and as the vapour afcends higher 
and higher into cooler air, it becomes more condenfed; 
by which- the eleftricity which it contains will become 

• I have faid " I fuppofe,*' becaufe I never quite fat up all night 
to prove it ; but from a great number of obfervations I have more 
reafon to fuppofe it mull be fo than the contrary, 

9 $ flWi 
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more condenfed alfo*, in fo much that it will now dif 
, play its energy, and in whatever dire&ion it moves it is 
.fure to move aftively, animated with a penetrating and 

expanfive force; for in this ftate proper inftruments 

will eafily accumulate and detain it, fo as to render it 

Yifible. 

I have no idea, much lefs fuppofe, that any, even the 
leaft quantity of eleflricity does ever come from air itfelf ; 
for there is reafon to think, that air as air, independent 
of the other fubftances, is unable to furnifh any particle 
. of this fluid; and I conjefture that pure air and elec- 
tricity are a&ually incapable of uniting; and therefore it 
is that air is never known to attra£t, abfbrb, nor condufl 
ele&ricity, but in proportion to the conducing fubftances 
with which it happens to be occafionally mixed : nor is air' 
excitable of ele&ricity by any means that is yet known; 
therefore air does not appear to be either an eleflric or 
a conducing body. 

It is in confequence of thefc peculiar properties of air 
that it is found to infulate the eleftric fluid more perfe&ly 
than any other fubftance ; that is to fay, air in even that 
ftate of purity which is common to it in dry ferene wea- 
ther. Had not air poflefled thefe properties the exiftence 
of the eleQf icity could never have been difcovered. Hence 

* It is well known, that if equal quantities of electricity be 
imparted to two unequal infulated conductors, the electricity on the 
leaft furface will become more intenfe than on the largeft. Electrified 
vapour is alfo fubjeft to this law. 

it 
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it is alfo manifeft, that the phenomena of lightning and 
thunder could not have happened in nature. 

In the inveftigation of thefe matters it is almoft im* ' 
poffible for a man to attend every moment to them. It is 
therefore neceffary to deduce the law from the general cor- 
refpondenctf of faQs, and upon thefe grounds I hope that 
the affertion of the perpetuity of atmofpherical ele£iri~ 
city may not be confidered as too precipitate and unwar- 
rantable. , 

Artificial eleftricity is foon produced, and it is as foon 
diffipated and loft. But natural or atmofpherical eleQri* 
city is univerial and conftant, and is incapable of being 
diffipated or deftroyed. For, when ever I fcrutinize this 
matter, whether I do it by day or by night, I always find 
a quantity of eleflricity fufficient to afcertain the kind 
which at any time is predominant in the atmofphere ; and 
which for its conftancy and univerfality may properly be 
deemed an eleftrical atmofphere within our aerial atmo& 
phere. It is probable mat thefe two extremely fubtile and 
elaftic fluids may have fome unknown dependence on each 
other, either for their own formation, or their general bene- 
ficial properties to the reft of all created beings. 

I beg leave here to relate, in concluding this chapter, 
an obfervation I have made upon the ejeftricity of winds 
which have (by the public it large) been deemed unheal- 
thy. My enquiry was only whether fuch winds contained 
much or but little of ele&ricity. My attention and re- . 
marks on this matter have been repeated with care. 

C 4 A wind 
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A wind prevailed during the latter end of March) and 
the greateft part of the month of April 1790, which was 
universally deemed by the people to be unhealthy. This 
wjnd was eafterry, and ble^ wjth ^ brifk fteady gaje, 
rather fharp and piercing, * It contained t>ut very little 
deftricity j the quantity was even fo fmall that I was often 
obliged to exert my utmoft abilities to obtain enough 
pf it Jo ascertain {he kind, which I often could npt do 
except I added to my exploring rod a lighted torch.* The 
people were generally more fickly than ^t other times, 
?nd their malady was attributed to the unwholefqme eaft 
wind. Even vegetables, during this wind, djd not grow 
but feerned to be in a fickly dying condition. I think 
there is fufficicnt reafon to conclude, that dry eafterly 
ftrong winds are more barre.n of the eleftricity than any 
cjther. » * « 

There were? within the courfe of the above mentioned 
month of April, about eight fmall fhowers of rain, and 
two of fnowi all of which were moderately ele&rified. 

* Flame exceeds abundantly (harp pointed wires in th? powers 
pf colle&mg atmofpherical elearicity ; it "has never yet failed me, 
and I find that its collecting powers increafe with an increafed quan. 
tity of flame. ' * * ' 
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CHAPTER av. 

A Defcription of the SpeBacle Doubler, which, by the 
turning of a winch produces fpontaneoufly, without 
friftion, the twoflatei of EleBncity. 

'THHE figures 3 and 4 reprefent the inftrument in every < 
A particular a fourth part of the dimenfions of the ori- 
ginal. Fig. 3 reprefents the inftrument fupportetf on a 
glafs pillar. It confi{ls of the following parts^: Two 
fixed plates of glafs (or of any other fubftance) A and C| 
are feparately infujated and difpofed in the fame plane, fo 
that a revolving plate gjafs B may pafs very near without 
touching them. Each of thefe plates Jias a fmall hole 
drilled in the. middle, with a diamond drill, in which pieces 
of brafs are riveted, tapt with a female fcrew on their back 
part, which receives fcrews made with riling knob heads, 
by which the plates are fcrewed in their places, The 
other parts may be diftin&ly feen in fig. 4. The fhaded 
parts reprefent metal, and the white reprefent glafs covered- 
with fealing-rwaxj except the plates ABC. O N is a 
brafs axis, that carries the revolving plate B, pafling 
through the piece M, which laft fuftains the plates A and 
C. At one extremity fhere is a brafs ball D, and thfc 
other is prolonged by the addition of a cylinder of folid 
glafs, which fuftains the handle L, and the piece G H, 
which is" feparately infulated. The handle L, befides the 
purpofe of moving the axis, ferves alfo as a counterpoife 
tp the revolving plate, and thereby enables the axis to re- 
main 
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main at reft in any pofition. £ F are pins rifing from the 
metal of the fixed plates A and C. The crofs piece G H, 
and the piece K lie in one plane, and have their ends 
armed with fmall pieces of harpfichord wire, in order that 
they may gently touch the pieces E F in certain points of 
the revolution. There is a pin I in the piece M, which" 
touches the metal of the revolving plate B. There are 
likewife feveral collecting wires twined round the crofs 
piece G H with their ends fpread outwards. 

The touching wires are fo adjufted, by bending, that 
when the revolving plate B is immediately oppofite the 
fixed plate A, the crofs piece G H conne&s the two fixed 
plates j at the fame time that the wire and pin at I form a 
communication between the revolving plate and the ball 
D. On the other hand, when the revolving plate is im- 
mediately oppofite the fixed plate C, the ball becomes 
conne&ed with this laft plate by the touching of the piece . 
K; the two plates A and B having then no connexion 
with any part of the instrument. In every other pofition 
the three plates and the ball will be perfectly unconne&ed 
with each other.? 

When the plates A and B are oppofite each other, the 
two fixed plates A and C may be confidered as one con- 
tinued body, pofleffing the lame ele&ric ftate; and the re- 
volving plate B, together with the ball D, will conftitute 
another continued body, pofleffing the contrary ele&ric 
ftate. For all the experiments yet made concur to prove 
that thefe two feparate bodies will not poflefs the fame 
ele&ric ftate j but that with refpeft to one another their 
de&ricities will be pofitive and negative. Therefore the 

plates 
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plates will always take the form of a charge, if in their 
approximation they do not a&ually touch one) another*. 
The rotation, by deftroying the conta&s, preferves this 
unequal diftribution, and carries B from A to C at the 
fame time that the wire K connects the ball D with the 
plate C, the electricity in B will now aft upon that in C, 
and leave it with its firft ele&ric ftate augmented; and 
reftores B to its firft fituation oppofite A. Here, if we 
attend to the effeft of the whole revolution, we (hall find 
that the ele&ric ftates of the refpcftive feparate bodies 
muft have been greatly increafed, A fecond rotation will, 
of courfe, produce a proportional augmentation of thefe 
increafed quantities; and a continuance of the operation 
will foon bring the intenfities to their maximum, which 
is limited by an explofion between the plates. 

If one of the parts be connefted with a fenfible elec- 
trometer, thefe effe£is will be very clearly feen. The 
fpark is ufually prodjuced by a number of turns between 
fifteen and twenty, and the eleftrometer is fenfibly elec- 
trified by much fewer. When one of the parts is occa- 
fionally connefted with the earth, or when the adjuftment 
of the plates is altered, there are fome variations in the 
effefts, not difficult to be reduced to the general prin- 
ciples, but fufficiently curious to excite the meditations 
of perfons the moft experienced in this branch of natural 
philofophy. An attention to brevity, however, renders it 
neceffary to forbear enlarging upon them *. 

Since 

• Glafs glebes, or cylinders, often meet with accidentt. Query, 
would not a doubler of eleflricity, properly mounted with large brafs 

plates* 
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Since the time In which Mr. Canton made his pith- 
ball eleftrometer for exhibiting very fmall quantities of 
eleftricity, the importance of fuch inftruments has oc- 
curred to many eleftricians \ and many curious and well 
contrived eleftrometer s bave been made, which by gra- 
dually advancing in their fenfibility, have at length pro- 
duced that, very ingenious and moft fenfible inftrument 
the EJeftrical Doubler, This inftrument feems to be 
the IalT effort of genius; and its eleftrical powers are 
truly.admirable. - But the origin of its remarkable effe&s 
has been attributed . to fome fmall quantity of eleftricity, 
generally adhering to its plates and other parts, To this, 
.however* I could never give my affent* 

I have therefore been curious enough to fearch into the 
laws by which it afts, and the fource whence its elec- 
tricity is derived; and the more fo, becaufe the fponta^ 
tieous eleftricity of the doubler was deemed a defeft, 
even fo great, that the inftrurrjent would be rendered ufelefs 
if that could not be removed. For this reafon I deter- 
mined to try fets of plates made of various forts of fub- 
fiance, in hopes of attaining fome fubftance whofe fup- 
pofed adhefive eleftricity would not influence the procefs* 
by the approximation of its parallel plates. 

To make this matter eafy to myfelf, my doubler is fo 
contrived that each plate is fixed in its place with one 

j 
plates, anfwer all the purpofes of the moft powerful ele&rical ma* 

chines ? I think I can conceive how it may be done. It will no 

doubt be difficult to make the revolving plate gradually recede pro'* 

poruonally a* the charge advances. 

fcrsw, 
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fdr'eW, by which I can quickly take off a fct of plates* and 
eafily replace others : and to give the plates a confider-* 
,ably more extended inflation than that made by Mr* 
Nicholfon, without augmenting the fifce of the iriftrument* 
the fixed plates are elevated above the axis that carries 
the revolving plate, .by bending the glaffes which fupport 
them in the middle to a right angle, which gives the in- 
strument, with its glafs plates^ the afpe£ of a pair of fpec- 
tacles inverted, and which has occafioned it to be named 
the Spcftacle Doubler. 

I have Carefully repeated many experiments with lets 
of plates made of different forts of metal, and of wood* 
horn, leather, gypfum, fal-ammoni'ac, fal-prunella, alum, 
and glafs; all of which, upon trial, produced fpontaneous 
electricity of the fame kind* arid nearly of -equal inteniuy* 
a circiimftantial account of which, for the fake of con- 
Cifqnefs I pafs over, and content myfelf with obfervirig t 
that the fpontaneous electric charge of the doubler, and 
that of my high pointed rod, were generally of tho 
fame kind of electricity within the room in which the 
lower end of my high rod terminates, though placed at the 
greateft poflible diftance from each other* But if at any 
time the)' varied, it was an eafy matter to account for it. 
I therefore conclude, that the rod and doubler acquire their 
fpontaneous electricities from one and the fame common 
fource, viz* the ele&rified vapour fulpended in the, at- 
mofphere* 

The obfervatipn that when the doubler was mounted 
with glafs plates its effects were precifely the fame as 
when plates of brafs or other fubftajice were ufed> is very 

mud* 
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much in favour of the above-mentioned conclufion, which 
I. had drawn from numerous experiments; becaufe fmooth 
ghfs by the ufual treatmerits never produced negative 
ek&ricity; whereas by the operation of this inftrument, 
fmooth glafs becomes eleftrified negatively or pofitively, juft 
as the aerial vapour happens to be ele&rified with either 
kind. 

I have, indeed, two or three times obferved, that when 
die ele&ric ftate of the rod was rather weak, and a change 
of kind happened in fuch weak ftate, the doubler in that 
cafe would not keep pace with the rod; which at firft 
furprifed me very much. But I foon confidered that the 
rod became charged from eledhified vapour without, and 
the doubler from that within the room, and that the va- 
pour within a clofe room could not change its ele&ric 
ftate fo quick as that without. I therefore opened the 
windows, to permit the vapours more freely to mix, which 
in a few minutes had the expe&ed efFe&, for on trial the 
doubler became charged with the fame kind of eleflxicity 
with that of the rod itfelf. On the other hand, when the 
rod is more intenfely ele&rified, its ele&ric charge will 
fometimes induce in the air of a clofe room a contrary 
ftate of eleftricity to that of its own. In this inftance 
alfo the doubler and rod will vary, for their ele&ric charges 
will not be of the fame kind, nor ought it fo to be accord- 
to the conclufion I have made. The doubler thus cir- 
<;umftanced will become ftrongly ele&rified by one revo- 
lution only. 

There is one very great difficulty attending the ufe of 
die ele&rical doubler, and which, doubtlefs, will occafion 

many 



1 

( 



Spontaneous EleBricity. 31 

many miftakes, unkfs great care be. taken. On this ac- 
count we have not, as yet, any criterion whereby to know 
when the doubler is in a neutral or unledrified ftatev 
This difficulty arifes from the perfe&ion of this inftru- 
ment, by which it is able to be a teft to all others, but no 
one can be a teft for it. It is therefore certain, that com- 
municated electricity muft be a degree more intenfe than 
that of the atmofphere at the time that the experiment is 
made, otherwife the refults will be equivocal. 

- When I ufe the doubler of ele&ricity, I am cautious 
not to carry on the doubling procefs too high ; becaufe I 
find that a weak charge is more eafilygot rid of than a 
ftrong one. If it is only the kind of ele&ricity that one 
wants a few revolutions will be fufficient for the pur- 
pofe. 

I beg leave, however, here to relate, that in my two 
years journal on atmofpherical ele&ricity, which is placed 
at the end of this work, there is not one obfervation taken 
by means of the doubler. For although I am fatisfied that 
the fpontaneous ele&ricity of the doubler is as really at- 
mofpheric as that of my high pointed rod, yet as that matter' 
is not generally admitted, I could not venture to force my 
opinion upon the public. However, for the fatisfadion of 
the curious, I (hall here infert an Eleclrico- Meteorological 
yaumaly taken by means of the doubler of ele&ricity, 
mounted with glafs plates^ in three different ftations, viz. 
Firft, The doubler was placed on a ftone pavement, on 
the north fide of my houfe; Secondly, on the wood hand- 
rail of a bow window, 27 feet high over the pavements 
and Thirdly, in the room wherein the lower end of the 

high 
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high tod terminates. The firft column flietvs the t&A* 
temporaneous kind of ele&ricity indicated by the high 
pointed rod. The time of making the obfervations wafc 
nine o'clock in the morning* 
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I (carcely need obferve that this journal of thirty days, 
only includes that part of each day in which the obferva- 
tions were made, and which was generally completed in 
lefs than half an houn 

The conftru&ion of. electrometers has been varied ac- 
cording to the purpofes for which they have been defigned, 
and the different degrees of electricity intended to be 
fhewn by them. When we are inveftigating the nature of 
atmofpheric electricity we require the rhoft fenfibie elec- 
trometer poflible, that it may indicate the leaft perceptible 
portion of it exifting in the humidity of the air* 

I have 
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1 have ufed, for this purpofe, very fmall filver wire, 
.gold leaf, filver leaf, fine flaxen threads, &c. To the laft 
of which, I now give the preference; becaufe I think they 
poflefs the greateft fenfibility, and are lead liable to acci- 
dents* 

The threads are made thus: I take flaX as it comes 
from the heckle, or flax comb, and I firft fplit the threads 
fo fine that they will almoft float in air, I then make a loop 
at one end, and fufpend them by it from a metallic hook 
or ring* after which I dip the point of a fmall pin in hot 
glue, and thus join one pin to the lower end of each 
thread* They, by their weight, will keep the threads 
ftraight; and that they may remain fo, when the pins are 
cut ofri I wet my finger and thumb with glue fize, and 
gently pf efs the threads between therri from top to bottom. 
When they are dry I cafefully remove the pins, and the 
threads will hang fufEciently ftraight. I make them of 
various lengths, fome with, others without balls to them j 
inclofed in glafs cylinders; for without the glafs the 
threads would be fo agitated by the leaft motion of the air, 
that they would be entirely ufelefs. The threads of my 
moft fenfible ele&rometer are eleven inches long* 

In order to fucceed well in ele&rical experiments, much 
depends on having a good infulation to our ele&rometers. 
I have tried various fubftances with a defign to improve 
the infulating power of glafs, viz. by coating glafs with 
hard red fealing-wax, fhell lac, copal, amber, &c. But I 
cannot determine which of thefe fubftances (when laid on 
glafs) is poflefled of the greateft infulating power. But 

D this 
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this is evident, that their infulating quality is cpnfiderably 
increafed by qnly warming them before the fire. At- 
mofpherical ele&ricity is fometimes fo circumftanced, that 
it would be in vain to attempt to collect it, if the in- 
ftruments were not previoufly warmed. 



CHAPTER V. 
Containing fome general Obfervations on Lightning* 

IT is faid that lightning happens almoft daily in fome 
hot climates; both with and without ftorms; even in 
the moft ferene weather, if there are any clouds in the ' 
atmofphere, fufficient to accumulate the matter of light- 
ning* And that the lightning happens more frequently, 
and in greater quantity, after the fun has paft the meri- 
dian, than otherwife. 

Whether we contemplate the matter of lightning as it 
refpects atmofpheric or artificial electricity, the fubftance 
is precifely the fame; in both cafes, the fluid is retained, 
and its effects tranfinitted by the fame mediums j than which 
there is not, perhaps, a furer criterion to determine the 
identity of this fubtile matter. 

I con* 
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t confider lightning to be Spontaneous electricity in the 
ihigheft degree. I am therefore under a kind of neceflity 
in writing this eflay, to deliver my thoughts on this intri- 
cate fubjeft. An electrician cannot help forming fome 
idea, if not an hypothefis, how, or in what manner, an 
event, which indubitably arifes from an unequal diftribu- 
tion of the eleftric fluid, in the earth and atmofphere, is 
produced. Which fpontaneoufly becomes perhaps the moft 
formidable and irrefiftible agent in the univerfe. Not- 
withstanding this, it appears, from various fafts and ex- 
periments, that the matter of lightning in moderate quan- 
tity, is not only perfectly inoftenfive, but abfolutely necef- 
fary, for the well-being of animals and vegetables, fuch 
as is conftantly found connected with moderate hail, fnow, 
rain, fog, and dew.* Which distribution of the fluid, 
may be confidered as nature equipt in her beft attire; cir- 
culating this wonderful and extremely fubtile and elaftic 
fluid, to the all wife beneficial purpofes, for which it was 
originally defigned, by the Author of Nature. But I con- 
. fider fuch a difpofition 6f the elements, as conftitute 
thunder-gufts, to be nature^n a ftate of apparent dis- 
order. 

The fame kind of diftin&ion may be applied between 
moderate wind, and hurricanes of wind; between mode- 
rate rain, and inundations. 

A fort of lightning is fometimes feen in this climate in 
a fummer's evening, playing among the clouds. This 

* See the Journal for July %o > and Nov. ia, 1789. 

D % kind 
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kind of lightning, generally happens in warm ferene wea- 
ther, and feems 'quite harmlefs ; and is never attended with 
thunder. Thefe circumftances plainly {how, that fome 
caufe or circumftance is wanting, to produce mifchievous 
effects. I conceive that caufe to confift, chiefly, in the 
diftance of the phenomenon from the earth ; which is too 
great for the electrical atmofpheres of fuch clouds to difturb 
the electricity of the earth. And is probably nothing more 
than the concourfe of two or more oppofitely electrified 
clouds, darting their electrical charges into each other. 
When I have been able to obferve the direction of this 
kind of lightning, it was generally obferved to be hori- 
zontal, or nearly fo; excepting when it was evidently 
drawn afide by the adjacent clouds, which feems to indi- 
cate that it had but little, if any communication with the 
earth. Nor have I ever obferved my high pointed rod, 
to be more than ordinarily electrified, during fuch light- 
ning. 

Before I confider that fort of lightning, which often 
produces dreadful effects, I beg leave firft, to correct 
two or three common errors, which feem to have fprung 
from the prejudice of education in fome perfons, and from 
too little attention in others. 

Firft, there is no harm in, confequently no caufe of 
fear, to be apprehended (however feniibly it may affect 
fome) from the rumbling noife of thunder j becaufe it 
confifts only in a fudden concuffion of the air, occafioned 
by the rapid and violent paffing of lightning through ifc 
The damage to be apprehended is abfolutely from the 

lightning 
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lightning itfelf. Therefore thofe vulgar notions which are 
ftill retained by Come, of thunder-bolts*) hurling deftru&ion 
whereever they are faid to fall, are all delufive dreams* 
which ideas, I am of opinion, originally fprung from hea- 
then mythology. Becaufe Jupiter is faid to be the god of 
thunder; and they have defcribed him as holding thunder- 
bolts in his right-hand ; that is to fay, fomething to reprc- 
fent fire, flame, and zig-zag lightning. 

The fecond, regards the dire&ion of lightning. It is 
an idea mentioned in many books, and entertained by 
almoft every perfon, with whom I have converted on this 
fubje&, that all the lightning we fee defcends from the 
clouds. This fentiment feems to have been the effeft of 
inattention. For when the immenfe quantity of lightning, 
which is ufually feen difplayed even in common thunder- 
ftorms, is ferioufly confidered, I fhould imagine that it 
would ftagger any one to think that the clouds could 
ever contain it all: and the more fo, when it is further 
.confidered^ that the earth itfelf is the grand fource of 
lightning, and that none can defcend from the clouds but 
what firft afcended from the earth. Yet the quantity of 
it which quits the earth in fettled moderate weather, is 
fo remarkably fmall, as to be jufl: fufEcient to determine 
the aqueous vapours to be eleftrified politively. But that 
quantity, be it great or fmall, mull neceffarily render the 
earth in proportion thereto ele&rical in the oppofite ftate. 
Thus art, is only an happy imitation of nature. By 
which, we indifputably know, that when an infulated body 
(as is the cafe of a cloud) is rendered ele&rical in one 
kind, an uninfulated body near it, will alio thereby become 
electrical of the contrary kind. 

d 3 But 
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But to what height the daily electricity afcends into the* 
atmofphere is quite uncertain. We are fure that the elec- 
tric fluid often returns to the earth more copioufly, con- 
cealed in the bofom of fnozv^ hail, and rain^ whfch muft 
in fome degree compenfate for the lofs, daily fuftained by 
the earth ; and fo recruits and keeps up the perpetual cir- 
culation of this wonderful agent.* ,Now^ fhould the filent, 
and invifible defcent of the electricity, by means of feafon- 
able fhowers, be equal to the daily afcent by means of heat 
and vapour; whence is that amazing continued blaze of 
lightning, which is ufually obferved in thunder ftorms, and 
which is fometimes continued during fome hours ? 

It is a common notion, and generally adopted in the ' 
defcription of thunder ftorms, or of the damages occasioned 
by lightning, that the matter of lightning always comes 
from the clouds and goes to the earth. That this is fome- 
times the cafe there is no manner of doubt; but I can" 
with confidence affert, that the contrary of this propofition 
takes place much more frequently, viz. that the matter of 
lightning, or the electric fluid, proceeds from the earth and 
goes to thp clouds. But this will be difcuffed more fully 
in the two following chapters. 

Thirdly, a great variety of terms are commonly ufed 
in defcribing the appearances, and effects of lightning, 



* I have received the falling rain, hail, and fnow, into an infu- 
lated veffel which was fometimes found to be electrified j efpecially 
fo when my high pointed rod indicated an intenfe ele&ricity in the 
falling meteors. The manner of doing this may be fecn in the 
journal for the aoth of July, 1789, 

which 
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which are very indefinite, and do rather miflead than in- 
form the reader. Such as flafh, vivid dart, forked, zig- 
zag, ball of fire, cable of light, and a fheet of continued 
blaze, &c. If a lighted torch be whirled round like a fling, 
the rapidity of the motion will exhibit to the eye, a circle 
of light, or if the torch be fwiftly moved in a right line, 
or in zig-zags, the appearance of light will feem to follow 
the fame direction. Therefore we ought not to fuppofe, 
when we fee a body of electric light in its pafiage between 
two conductors, that it does actually fill at the fame inftant 
of time, the whole tract it paffes through. But thefe, 
though the beft arguments which the fenfes can furnifh, 
of the courfe of lightning, are but faint reprefentations, 
when it is confidered that the velocity of lightning has 
been found, by experiment, to be nearly inftantaneous. 



CHAPTER VI. 

Containing Experiments and Obfervations; tending 
to prove that every Flajh of Lightning conjijls of 
poftive and negative Light ; and which rufh into 
Union from two oppojite Directions. 

T , Am not certain, that the following ideas, on the two 
•*• electricities, ever entered into the mind of thofe elec- 
tricians who have been ftrenuous advocates for the doc- 
trine of two chftric fluids. They fuppofcd, indeed, that 
d 4 there 
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there were two ele&ricities, which had a ftrong chymica! 
affinity with each other, at the fame time that the par- 
ticles of each have a ftrong rcpulfion amongft themfelves; 
and that thefe two eleftricities were equally attra&ed by 
all bodies exifting in intimate union in their pores ; and 
while they continued in this union they exhibited no marks 
of their exiftence. They alfo obferved, that every ele&ric 
lpark confifts of both eleftricities rufhing contrary ways, 
and making a double current. But this do&rine - feems 
now to be intirely fupplanted by the more natural theory, 
of one ekSlric fluid \ which is fimple and eafily conceived, 
and every way fufficient to explain effefts and appearances* 
To which I fubfcribe, and from which I have not inten- 
tionally deviated throughout this narrative. 

The greateft difficulty attending the contemplation of 
the phenomenon of lightning, is the vaft quantity of the 
matter of lightning, which ufually appears during great 
thuhder ftorms. The perplexity attending the confidera- 
tion of this foft, will (I prefume) be confiderably dimi- 
nished, if the refults of the follpwing experiments, and the 
reafoning and application I have maSde of them, are well 
founded, 

I conceive that this globe of earth and water, with its 
plants, animals, and buildings, have diffufed throughout 
their fubftance a certain quantity of the ele&ric fluid, 
which is termed their natural quantity: and while this 
equable diftribution continues undifturbed, their ele&ricity 
is in all refpe&s invifihle. But if the balance of this dif- 
ftifion, be by any means deftroyed, either in the earth 
or atmofphere, then it becomes vifible in proportion to 

that 
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that difturbance. Hence the terms pofitivc and nega- 
tive, denfity and rarity, redundancy and deficiency, &c. 
are only applicable to the eleCtric fluid during its difturbed 
ftate. 

* This being premifed, we will now fuppofe a. thunder 
cloud coming already highly charged with the deftric 
fluid, which cloud, in its paflage through the atmofphere, 
feems to hover over a high tree. The tree, and the earth 
to a limited diftance around it, will become thereby elec- 
trified y but of an oppofite kind of ele£tricity to that in 
the cloud.* The electricities of the earth and cloud, be- 
ing thus circumftanced, and their atmofpheres approach- 
ing nearer and nearer, muft neceffarily a£t with very great 
attractive force on each other. One body being highly 
pofitive, and the other of courfe as highly negative, will 
urge their way with great violence through the refilling 
air, which intervenes between them. Now {hould the 
atmofpheric condu&ing matter, which lies between the 
two powers, be equally difpofed and in fome fmall degree 
able to condu£t the eleftricity of the earth above the tree, 
the explofive flafh of lightning, will take place in the air, 
over the tree, at the ftrikinjg diftance between the two 
powers; and at the fame time reftore the equilibrium of 
the eleCtric fluid, to the earth and cloud. 

Now any perfon, perceiving the flalh of lightning, and 
judging by the appearance, would no doubt readily con- 

* It is dangerous, therefore, to take (helter under a tree during a 
thunder ftorm. It has been fatal to many, both men and beafts. 
It is fafer to be in the open field, becaufe wet clothes tend to prevent 
harm from a flam of lightning. 

elude, 
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dude, that it all iffued from that black cloud; whereas 
one half of fuch flafli of lightning, muft immediately 
afcend out of the earth, and the other defcend from the 
cloud. 



If the intervening air which lies between the two powers, 
ihould happen to be dry, and therefore not able to elevate 
the ele&ricity of the earth above the tree, the explofion 
muft in this cafe, take place in or near the tree, which it 
is very probable, would be mattered to pieces, by the 
force or impetuofity, whereby the two ele&ricities unite. 
But in the former cafe, the tree might fuftain no injury. 
The fame reafoning will hold good if the maft of a fhip, 
or lofty building, were to be a part of the conducing me- 
dium between the two ele&ricities. 

That the main force of lightning, muft happen nearly 
in the middle of all refilling mediums, which lie between 
the two eleQrickies ; and that when the explofion takes 
place, the light feen is m*de up of pofitive and negative, 
in one appearance of light, as above afferted, I (hall endea- 
vour to illuftrate and confirm, by felefting a few experi- 
ments and obfervations. 

The reader will eafily perceive, that I confider the 
ftate of the eleflric fluid, during a thunder ftorm, to be 
■fituated in the earth and atmofphere, fimilar to the experi- 
ment of a charged Leyden bottle. I perceive no material 
difference between them, but what relates to quantity, 
except this; and without this, I fee not how the pheno- 
menon of lightning could ever happen in nature. It is 

this 
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this: the electric charge of the Leyden bottle princi- 
pally adheres to the furface of the glafs, and not to its 
coating; but when a plate of air is faid to be electrified, 
the charge always adheres to the coating; that is to fay, 
to the clouds or aqueous vapours fufpended in it. This 
nice diftinction (which nature obliges the philolbpher to 
notice) does not arife from the great thicknefs or quantity 
of air, which, in thunder ftorms, may occafionally happen 
to be between the electrified portion of earth and clouds; 
but it arifes from the refiftance of air to the electric fluicL 
I find by the operation of the electrical doubler, that the 
Leyden experiment is perfectly formed, though the por- 
tion of air between the two fixed plates, and revolving 
plate, be only one fiftieth part of an inch. 

With regard to air itfelf (which feems to be the moft 
perfect non-conductor of electricity^ when fimply con- 
fidered, it feems to be originally void of electricity (which 
is common to all other matter), and that air, as air, is actually 
incapable of abforbing or retaining it, but in proportion 
to the foreign matter mixt with it. And «that the per- 
meability of air to the electric fluid, is owing to its 
fluidity and extreme elafticity, which caufes it to yield to 
the leaft partial preffure. It was neceflary that air fhould 
pofiefs thefe properties, in order that the two electricities 
might manifeft themfelves by thofe appearances which we 
term lightning. Confequently, during a thunder ftorm, 
the earth and clouds operate as coatings to the plate of 
air that lies between them. That this is a real fact, there 
feems no room for doubt, after that decifive experiment 
of charging a plate of air, fo as to give a (hock like that 
of the Leyden bottle. 

EXPERIMENT 
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EXPERIMENT I. 



The electric charge of the Leyden bottle is limited by 
the compact texture and thicknefs of the glafs j for if the 
charge be urged too high, the electricities will force z hole 
through it, and the tinfoil coating will be rent up in a 
bur, on both fides of the glafs ; and will fometimes be 
melted. Which {hows plainly, that where the pofitive 
and negative electricities re-unite, there the greateft effort 
is exerted. In this experiment, the two electricities feem 
to meet in the middle of the thicknefs of the glafs. 
Which is ftrongly indicated by the bur being protruded 
from the middle of the glafs. Similar effects will take 
place, if the circuit be interrupted by feveral folds of 
paper, for a hole will be made through them, and each 
leaf will be' protruded by the two electricities, from the 
middle towards, the outward leaves. 



EXPERIMENT II. 

With a jar highly charged, containing nearly fix 
fquare feet of coated glafs, I have melted fmall iron wire 
into globules of metal. This fine experiment is attended 
with fome difficulty, for if the charge of the jar fhould 
happen to be too ftrong, the wire will be difperfed; if too 
weak, it will only be made red-hot. But fometime§ the 
electric charge will be of a proper intenfity to melt the 
wire into fine globules. When this furprifing effect 
happens, I have often obferved the wire to be of a more 
pale red heat in the middle than at its extremities, and the 
melting of it to begin there \ leaving a part at each end 

unmelted. 
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unmelted. At other times (though lefs frequent) the wire 
was obferved to be of a more glowing heat in two parts of 
it, than in the reft, which *gener ally happened to be a little 
above and below the middle of it Thefe effe&s clearly {how 
that the pofitive and negative ele&ricities of the charged jar 
muft have met in great force near the middle of the wire, 
where the refiftance to their union was greateft„ 

experiment III. — By Lightning. 

Dr. Franklin, in his account of the effe&s of lightnings 
on the* church of Newbury, in New England, obferves 
u that a wire, not bigger than a common knitting needle, 
did in fa£t cpnduft a flafh of lightning, without injuring 
any part of the building as far as it went; though the 
force of it was fo great that, from the termination of the 
wire down to the ground, the fteeple was exceedingly 
rent and damaged; fome of the ftones, even in the foun- 
dation, being torn out, and thrown to the diftance of 
twenty feet. No part of the wire, however, could be 
found, except about two inches at each extremity, the 
reft being exploded." 

From the circumftance of two inches of the wire be- 
ing found to remain intire, at each extremity, I infer, that 
the pofitive and negative electricities muft have met at 
about midway between the two extremities,, and there the 
restoration of the electrical equilibtium, muft have taken 
place between the earth and cloud. If the wire had 
been extended to the earth, poffibly no damage might 
have happened to the building. Thefe inferences feem to 
be juft, from t>ie circumftances of the cafe; and are ajfo 

con- 
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confirmed by .the well known effefts of large, eleftrical 
batteries ; for when the charge of a battery is made to pafs 
through, or meet in a very fmall wire, which on account 
of its fmallnefs muft occafion fome refiftance to the re- 
union of the two powers, yet in all cafes, whether the 
wire be melted or exploded, the eleftrical equilibrium of 
the battery is always, without exception, found reftored 
by the explofion. 

We will now take a view of this matter, as it appears 
in the eleflrical fpark, which, I am perfuaded, when care- 
fully examined, will be found to confift of both ele&rici- 
ties, ftretching or extending themfelves beyond the con- 
ducing furface, in order to leflen the leap through the 
refilling medium of air to their union. For every mo- 
ment during their difunion they are conftantly endeavour- 
ing to unite, (which endeavour, or mode of a&ion, is uni- 
form and reciprocal,) and prefs into, or attract each other, 
like the north and fouth pole§ of two magnets*. 

EXPERIMENT IV, 

My ele&rical machine has two prime conductors, made 
of copper, each containing about 300 fquare inches of 
furface, both well infulated. This machine, when placed 
on the ground, having a brafs ball of two inches and a half 

* The law of ele&rical attra&ion fecms not yet afcertained, never- 
thelefs, it is fufficiently evident, that equal quantities of both elec- 
tricities, feparately infulated, aft with equal force upon each other 5 
arid that their force increafes as ^hey approach to, and decreafes as 
they recede from, one another ; but it is not yet known whether this 
v attraction follows any regular proportion* 

diameter. 
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diameter, fufpended from each condu&or, by bent brafc 
rods, fo that the balls approach within one inch of the 
furface of the earth } the apparatus being thus difpofed, 
and motion given to the glafs cylinder, it is beautiful to 
obferve how exactly the two ele&ricities ftrike at the fame 
inftant of time. The negative fpark iffues immediately 
out of the earth, and the pofitive fpark ftrikes into it, and 
thereby reftores the equilibrium of the eleQric fluid to 
the earth, which had been difturbed by the aftion of the 
machine.* 

EXPERIMENT V. 

The fame apparatus affords another very fine experiment, 
by only elevating the metallic balls and curved rods, fo as 
to form an arch over the glafs cylinder ; but as the two 
eleftricities, in this experiment, inftantly dart into each 
other in air, .the brafs balls need not be placed nearer to 
one another than three or four inches, for on every revo- 
lution of the glafs cylinder a denfe fpark will explode 'be- 
tween them 5 it is even fo ftrong, that if it be taken pro- 
perly, it gives the Leyden fenfation. This fpark may be 
confidered as a kind of ocular demonftration, that when 
pofitive and negative ele&ricity are accumulated in, and 
made to meet in air, their light and force feem to be 
apparently doubled. If a curious obferver examines this 
light in the dark, he may diftinftly perceive the ufual figns 
of both eleftricities within the refilling medium of air, and 
alfo where they unite, for their place of re-union is notice- 
able by being much .lefs luminous, which is the natural 
effeft of union ; for there, in that particular part of the 
fpark, the two eleftricities become again onej there the 

terms 
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terms pofitive and negative ceafe, and there the ele&ric 
light vanishes. 

We know that the ele&ricity is in matter, but its pro- 
perties in that ftate of union, are, I think, altogether un- 
known. It has been, however, improperly faid, that the 
pofitive and negative electricities deftroy one another, be- 
caufe, when united, their vifible effecls ceafe. It is not, 
therefore, the caufe determining thofe effe&s, that is ex- 
preffed by the word deftroyed, but the effeSf itfelf. 

I beg leave, moreover, to remark, that this experiment 
affords a ftriking inftance of the vaft quantity of electri- 
city that is naturally contained in the pores of metal ; for, 
in the fourth experiment, the fupply of ele&ricity was 
immediately from the earth, but in this the fupply is 
wholly from the infulated metallic conduclors. 

EXPERIMENT VI. 

This experiment was made by Mr. Nicholfon, with a 
more powerful eleftrical machine than mine. A delinea- 
tion of his feven ele&ric fparks is given in the Philofoph. 
Tranf. vol. 79. Spark third. " When the one ball was 
electrified plus, and the other minus, the figns of both elec- 
tricities appeared. If the interval was not too great, the 
long zig-zag fpark of the plus ball ftruck to the ftrait 
flame of the minus ball, ufually at the diftance cf about 
one-third of the length of the latter from its point, render- 
ing the Other two-thirds very bright." 

This 



t 
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This is an undoubted faft with me, though noticed by 
Very few ele£tricians» Mr. Nicholfon's defcription of this 
fpark evidently exhibits, in one point of view, the pofitive 
and negative electricities, uniting in air, and rufhing into 
each other in oppofite directions. I think, however, that 
Mr. Nicholfon, in his narrative, feems to be a little em- 
barraffed with the old doCtrine on this fubjeft, which, in- 
deed, fliould never be invaded on flight evidence ; I admire 
his tendernefs in this refpefl ; but why the luminous ap- 
pearances in his fig. 6, Itould differ fo widely from thofe 
of fig. 3, is to me unaccountable, for the ufual figns of 
both electricities are plainly obferved in all his experi- 
ments, and delineated in fig. 1, 2, 4, 5, 6, and 7, though 
not quite fo confpicuous as thofe of fig. 3. 

~Y 

It is well known to electricians that the appearance of 
eleCtric fparks, taken in air, is fubjeCt to many variations, 
which are occafioned by the change even of the moft 
trifling /circumftance; yet there are certain criterions 
peculiar to each kind of eleCtricity, which evidently fhow 
that every fpark muft confift of both electricities, one end 
of, which always exhibits the pofitive, and the other the 
negative figns. For inftance, if the negative part of a 
fpark be fmall, or what' has been ufually termed a lumi- 
nous globule, then the middle part of it is generally of 
a purplifh colour. When ramified rays iflue from the 
pofitive part, then the negative part is more extended, 
ftretching out towards the pofitive; and when the' pofitive 
and negative parts ftrike into each other in denfe light in 
various parts of the intermediate fpace, then their exaCt 
place of union is generally obfervable by a dark fpot. 
Hence I infer, as before obferved, die lofs of light, whether 
£ total 
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total or partial, that, may happen in any part of an electric 
fpark, to be the immediate effect, and conftant fign, of 
die re-union of the two electricities. It is further to be 
obferved, that whether the negative light aflumes the figure 
of an oblong flame, or of a luminous globule, in either 
cafe the pofitive light is feen to approach and unite with 
it, in all poffible directions. I find, as Mr. Nicholfon has 
determined, cc that the effect of a pofitive furface appears 
to extend farther than that of a negative." 

As the middle part of an electric fpark often appears of 
a dilute purplifh colour, and its ends more vivid and white, 
it has been conjectured by fome to arife probably from . 
the fluid meeting with the greateft refiftance at its entrance 
and exit.* I imagine, however, that this idea was fug^ 
gefted (for I know of no fact in the fcience of electricity 
itfelf to prove it) by the refiftance and refraction which 
the rays of light fuffer in puffing from one fubftance into 
another. But it will appear with the leaft confideration, that 
there is a very great difference between the light of the 
fun and that of electricity; I therefore conclude from the 
foregoing experiments, that all electrical explofions confift 
of both electricities rufhing into union from oppofite 
directions. 

We fhall now proceed to examine the appearances of 
the two kinds of electricity which take place in vacuo. 

I think it was in the year 1776 that I was employed { 

by John WaHh, Efq. F. R. S. to procure fome double 
barometer glafs tubes, or long bent tubes of glafs, and to 
affift Mr. De Luc to boil carefully the mercury withii* 

them, 
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them, in order to obtain a perfeft- vacuum in the arch above 
the mercury. One of them being completed, trial was 
made to pafs the ele&ric charge of the Leyden bottle 
through the vacuum, but it could not be done; nor was 
there any luminous appearance perceived in this baro- 
meter. Perhaps the eleftric fluid is not capable, by its 
own expanfive power, of extending itfelf into fpaces void 
of all matter* 

I mounted a glafs tube three feet feven inches long, of 
about one inch bore, with brafs caps; one of the caps 
was fitted to the plate of an air-pump } a brafs wire and 
ball extended a little farther within the tube than the caps 
did on the outfide of it. This tube was fcrewed to the 
plate of an air-pump ; but while the air within it remained 
of its natural denfity, the charge of the Leyden bottle 
could not be tranfmitted through it, any more than through 
a perfeft vacuum.' But if the air-pump was worked for 
a (hort time, fo that the air within the glafs tube might 
be confiderably rarefied, then the charge of the Leyden 
bottle would eafily pafs through die rarefied air, and fill 
the whole capacity of. the tube with eleftric light. 



EXPERIMENT VII. 

That to which I would wifh the philolbpher to attend 
chiefly in this experiment, is the direQion and appearance 
of the two ele&ricities within the glafs tube, which is beft 
done when the eleftric charge of the Leyden bottle is 
rather too weak to force its whole contents fwiftly through 
the rarefied air, for, otherwife,* the motion of the fluid is 
fo rapid, and its light fo refplendent, that the eye cannot 
E 2 '■ diftinftly 
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diftin&ly notice its operations. When you examine the 
appearances in the dark, at the moment the circuit is 
formed to pafs the charge, you will difcover fome light 
within the tube, chiefly at each end of it. Thefe lights 
are of contrary kinds of eleftricity, and agree with the 
charged fide of the bottle, to which they are conneQed 
by metal. It may fometimes be clearly perceived, when 
the charge is of a proper intenfity, that the two lights 
have a manifeft tendency to meet near the middle of the 
refilling medium, (provided that the glafs tube be per- 
fectly clean and dry) and thereby reftore the equilibrium 
to the fides of the bottle ; but, in this cafe, the equili- 
brium is but partially reftored, becaufe the two powers do 
not unite in fufficient quantity to effeft it. 

I have frequently obferved the light within the exhauftcd 
tube to be confiderably diminiflied in its fplendour where 
the two powers unite ; and in air alfo, as we mentioned be- 
fore, a dark fpot is obfervable near the middle of many 
eledrical fparks. Thefe appearances are the confequence 
of union, and ought to be fo, becaufe in proportion as the 
two ele&ricities unite, and regain their natural ftate, they 
lofe their light; for the eleftrical fubftance is only lumi- 
nous in a divided ftate, whether it be viewed in vacuo or 
in air. 

That thefe two remarkably diftinft powers fhould tend 
to re-unite near the middle of all refifting mediums is 
natural, becaufe there the two ele&ricities meet with a 
greater refiftance than in any other part of the circuit, 
confequently there their whole force will be exerted to 

overcome 



Pojitive and Negative Light. 53 

overcome the refiftance, and, of courfe, will there be- 
come moft confpicuous in their effects. 



EXPERIMENT VIII. 

I 

t Similar effects and appearances are obferved, and eafier 

! performed, if the air-pump and glafs tube fcrewed to it 

be placed fo that an half-inch fpark from the prime con- 
l fjuctor of an eleftrical machine be made to ftrike the upper 

cap of the glafs tube : and here alfo, in this mode of per- 
forming this experiment, . the light feea within the tube 
i confifts of contrary kinds of electricity 5 for, if the electric 

L fpark communicated to the upper cap of the glafs tube 

I be of the negative kind, the cap and light within near to 

it will be negative alfo, and the light within the tube at 
! the lower end will be of the pofitive kind ;, and alfo the 

air-pump, and the table it ffands upon, though uninfulated, 
* will give Sufficient proof, if examined by a fenfible electro- 

meter, of their being electrified ppfitively. 

There is another important appearance, which has been 
entirely overlooked, and which (I think) is not the leaft, 
to illuftrate and confirm the principles here advanced, which 
will appear in 'the moft confpicuous point of view if the 
glafs tube be placed in the following pofition. 

EXPERIMENT IX. 

Let the exhaufted tube be fufpended to the ceiling, pa- 
rallel to the horizon, by a filken firing at each end of it. 
One end of the tube is to be placed fo as to receive an 
electric fpark from the prime conductor of the ele&rical 
E 3 machine; 
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machine; at the other end, a metallic communication with 
the earth is to approach within half an inch of the metallic 
cap of the tube. Things being thus adjufted, and motion 
given to the glafs cylinder, it is well known that the glafs 
tube will be filled with ele&ric light fo long as the fupply 
of ele&ricity, by the aftion of the eleflrical machine, is 
continued. 

Now I am certain, that it is not fo well known that at 
the inftant of time the fupply ceafes the light divides near 
thp middle of the tube, and flies back to both ends of it; 
for, as before obferved, the light within the tube is not all 
of one kind of ele&ricity; it includes both eje&ricities in 
pne appearance of light, and the moment the fupply flops 
their progreffive motion ceafes; therefore they are not 
;able to unite within the tube, and of cdurfe they go out 
of the tube the fame way they went into it; one moiety 
returns to the prime conductor, and the other to the earth 
from whence it came. 

I know, that ele&ricians in general fay, that air rarefie4 
in a glafs tube, to a certain degree, permits the ele&ric 
fluid to pafs eafily through it. If this philofophy were 
true, it would follow, that the fame kind of eleftricity 
which entered the tube at one end, muft be the fame all 
the way through, and fo come out at the other end of it. 
But it is not fo; that is to fay, that the eleflric light, 
within this exhaufted tube confifts of pofitive and negat- 
ive light*, If the operation be continued ever fo long, 

and 

* It appears neceflary here to obferve, that the eleclrical effects of 
#n exhaufted glafs tube, haying a metallic cap at one end of it, and 

th« 
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and even with a very great force, the fa£ ftill remains the 
feme 5 for although a part of its eleftricity be drawn out 
by the a&ion of the machine at one end of it, yet, enough 
always remains vifibly aftive to meet a quantity of the 
pofitive kind, which, in this cafe, will vifibly rife out of 
the earth and enter the tube at the other end ; and fa both 
ele&ricities will again unite in it where their difunion firft 
began ; hence it is, that this kind of exhaufted tubes never 
take the form of a charge with any confiderable force. 

EXPERIMENT X. 

To afcertain this matter beyond difpute, viz. that the 
light within this kind of exhaufted tubes confifts of pofitive 
and negative light, notwithftanding it appears to the eye, by 
its rapid motion, to be but one uniform light, let the glafs 
tube remain fufpended, as in the preceding experiment, 
and place a Leyden bottle on glafs ftands, at each end, in 
an horizontal pofition, and in a right line with the tube it- 
felf, (which will lengthen the apparatus without altering 
the refults) with their metallic knobs nearly in contaft with 
the metallic caps of the glafs tube. In this difpofition 
of the apparatus the coating of one bottle is to receive 
a fpark from the prime conductor, and the coating of 
the other a fpark from metal, which, for this purpofe, 
muft communicate with the earth. Turn the glafs cylin- 

the other end hermetically fealed, differ confiderably from thofe of the 
tube defcribed above. The eleclricity, in this fort of tubes, acls 
forcibly on the internal and external furface of the glafs, and will 
take the form of a charge, even fo powerfully as to explode and 
perforate a hole through, it, which mows its electrical ftate to be 
that of a highly charged Leyden bottle. 

£ 4 der 
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der and fparks will be perceived to pafs in the four inter* 

vals of air, and, at the fame time, a luminous appearance j 

within the glafs tube. Remove the bottles, and examine I 

their cle&ric charges, and they will be found to correfpond 

with the lights within the tube to which they were op-r 

pofecj. One bottle will be found ele&rified pofitively, and \ 

the other negatively. ! 

I am of opinion, that if a curious obferver were tp j 

examine thi^uminous appearance in a dark room, he 
would foon think with me ? that he diftincUy perceived 
the light divide (whenever the fupply of eleftricity ceafes) 
near the middle of the tube, and recede to its extremities. 
I imagine, however, that its rapid motion would not admit 
pf diftin&ion were it not for fomething peculiar to the 
infide furface of the glafs tube, which may in fome fmal| 
degree retard the ele&ric light in its retreat. 

Perfons who are not thoroughly verfed in this branch 
of philofophy may fuppofe that the feveral facts exhibited 
in the ten preceding experiments are only of fmall confe- 
quence.' However fome may think of, or difregard them, 
with refpedt to myfelf, I am fully perfuaded, that the whole 
phenomena of lightning, as well as many phenomena of 
artificial electricity, do entirely depend upon them. Maiiy 
of thefe experiments have been long known, although 
their effects and appearances, as here remarked and applied, 
have the effect of novelty. Many books have been written 
upon this branch of natural philofophy, but none of them 
have yet fallen into my hands in which even the leaft 
hint of applying thefe experiments, in order to explain the 
phenomenon of lightning, has been attempted.— It does not 

appea? 
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appear to hav<e been at all the object of the writers. Some 
electricians have, indeed, been curious enough to attend j 

to the direction of electric lightr— I wifh this obfeure par- 
ticular were better known. 



I I conceive that though the joining of the two electri- 

r~ cities in our experiments is but faintly perceived, yet the 

fa£t itfelf promifes fome elucidation of the grand difficulty 
,' refpeSing the vaft quantity of eleftricity obferved during 

I thunder ftorms ; and the more immediate advantage of this 

' ( difcovery is, that it fuggefts the idea of a more eafy folu- 

tion of the phenomenon of lightning than has yet come 

to my knowledge, and it evidently deferves the moft 

minute examination. 

Laftly, thefe inftru&ive experiments on eleflric light 
have not yet, perhaps, been explained to the fatisfaftion 
of the philofopher j be that as it may, if the ufe and re- 
marks I have here made upon them fhould happen to be 
well founded, viz. that every flafh of lighting confifts of 
pofitive and negative light, (not wholly of one of thefe 
kinds, as has been fuppofedj in one apparent flafli, then 
will that general amazement^ refpecting the immenfe quan- 
tity of the matter of lightning, that is ufually difplayed in 
thunder-ftorms be abated^ by conceiving that the earth 
does actually fupply one moiety of every flafh of lightning 
at the moment that the clouds and vapours fupply the other; 
but becaufe of their rapid motion through the air they can- 
not be diftinguiflied by the eye as here defcribed. 
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CHAPTER VIL 

Further Obfervations and ConjeBures on the 
Phenomena of Lightning. 

TT is not my intention, in this chapter, to defcribe 
the dreadful effects of lightning which happen in 
violent thunder ftorms \ but what I wifli to add on this 
head are chiefly opinions and conjectures, ft ill further 
concerning the amazing great quantity of lightning ob- 
ferved in thunder ftorms, becaufe it feems difficult to con- 
ceive how nature effects it. 

.However, I am perfectly fatisfied of the truth of what 
I have here already advanced on this fubjeft (fo far as it ' 
extends) concerning lightning obferved in the atmofphere, 
coniifting of pofitive and negative light in one appeal ance; 
and that the light or flafli happens at the moment of re- 
union of the two powers, which approach one another with 
an unparalleled velocity, the force of which is derived from 
the mutual attraction of each power, that arifes from the 
denfity of one and rarity of the other, and is always in 
proportion to the quantity of electricity that has been cU£- 
placed in a limited diftrict of the earth and atmofphere ; 
which ideas of the fubject, I conceive, muft leflen con- 
siderably the grand difficulty relative to the quantity of 
electricity obferved in thunder ftorms; it is, therefore, 
very probable that they have erred, who have fuppofed 

that 
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that all, or every part of lightning, is of one kind of elec- 
tricity, and that it all iffued from a cloud or clouds. 

Yet, when I confider the account given from the North 
part of France, and from all the South of England, of a 
tremendous* thunder ftorm, which happened early in the 
morning of the 23d of December, 1790, it fhould feem 
that" there is ftill great fcope for -further inveftigation. 
I am of opinion, that the immenfe quantity of lightning 
obferved during that ftorm, cannot be accumulated by 
ordinary or fimple caufes. On the contrary, the nume- 
rous vivid explofions of lightning which fucceeded one 
another fo rapidly, and nearly at one and the fame inftant, 
rather lead us to imagine, that a great part of the horizon 
and atmofphere are, during fuch ftorms, in a ftate or con-> 
dition capable of charging and difcharging themfelves very 
quick ; and that the powers of nature are a&ually fo dif- 
pofed, in the earth and atmofphere, as to caufe the elec- 
tricity to afcend out of the earth, in a luminous body or 
flaflies of lightning, fucceeding each other very rapidly. 
But how fo great and extenfive a redundancy of eleflxicity 
in one, and deficiency of it in the other, is effe&ed, is 
hard to determine ; yet it is ealily perceived how nature 
operates to produce the fame effe&s in a lefs degree, which 
has been already (I prefume) clearly manifefted in the pre- 
ceding chapter. 

Dr. Franklin, long ago, juftly obferved, " that whether 
the direfiion of lightning afcend or defcend, thofe who are 
verfed in eleftric experiments will eafily conceive that 
the effe&s and appearances muft be nearly the fame in 
either cafe 3 the fame explofion and the fame flafli between 

one 
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one cloud arid another, and between the eartJi and clouds* 
the fame rending of trees and walls which the electric 
fluid meets with in its paffage, and the fame fatal fhock to 
animal bodies?' 

The caufe of the tides is the ftrong attractive power of 
(he moon, and weaker influence of the fun, which attract 
all the water in the neareft hemifphere, caufing; the waters 
of the fea to ftand higher in one part than in another. 
This wonder of nature, I conceive, is not altogether void* 
of analogy with that natural phenomenon of electrified 
clouds, forcibly acting on the electricity of the earth. For, 
although the electric fluid be too fubtile to ftand on an 
heap like water, yet, when the electricity of the earth be- 
comes redundant (or the contrary) on any part of it, the 
caufe of that redundancy is not in the earth, but like that 
of the tide, is at a great height above it, in the atmok 
phere, and the efficient caufe of both is attraction. 

The earth is the grand refervoir of the matter of light- 
ning, and may poffibly, in a limited diftrict, become over- 
charged, fo as to throw off flafhes of light like an over- 
charged electrical apparatus. I have abundant proof, that 
a limited part of the earrh is fometimes in an electrified 
ftate, becaufe the uninfulated part of my atmofpheric appa- 
ratus is frequently electrified, but moft fo during a thunder 
ftorm. I therefore infer, that when that part of the apparatus 
is electrified negatively, the fluid is afcending out of the 
earth into the atmofphere, the former having lefs than its 
natural quantity in my neighbourhood ; and when the fame 
part of the apparatus is electrified pofitively, the fluid of 
courfe is defcending into it, confequently a limited part of 
the earth may be highly electrified \ yet, its being infenfible 

to 
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to us, who even may be on the electrified part, is no proof 
of its non-exiftence, fince we ourfelves are involved in it ; . 
for where ail things are equally involved in an electrical 
atmofphere there can be no vifible figns of the prefence of 
the electric fluid. For the fame reafon, if two or more 
perfons be electrified, ftanding upon the fame infulation y 
they fhow no figns to each other of being electrified, be 
the quantity of fluid they are involved in ever fo great 
The fame fact is obferved to take place in perfons, and 
things, uninfulated^ ancl will be particularly noticed by and 
by, with the manner of afcertaining it. 

I beg leave here to obferve, that however furprizing it 
may appear to fome electricians, who perhaps have had 
ho experience of an atmofpheric apparatus, that a metallic 
rod, which terminates deep in the earth, and its upper end 
nailed to a brick wall to give it fupport, mould, fo cir- 
cumftanced, exhibit figns of an electrical charge, would 
be nothing wonderful, were it poflible for us to conceive 
what a vaft quantity of the fluid is at thofe times in motion 
in the earth ; and that, whenever the phenomenon hap- 
pens on any part of the earth, there is always over that 
part of it, concealed in the clouds and vapours, a propor- 
tional quantity of the electricity, but of an oppofite kind 
to that on the earth ; for, indeed, one electric charge can- 
not exift without the other. 

I have been of opinion, that as the brick wall is a lefs 
conductor of electricity than metal or moift earth, it may 
on that account contribute, in fome fmall degree, to the 
production of the phenomenon, but in this opinion I may 
be wrong. 

Hiftory 
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Hiftory informs us, that large quantities of lightning 
have been feen to run along the ground, break into feveral 
parts, and produce feveral explofions at the fame time ; 
which clearly indicate that a part of the earth may be fo 
circumftanced, that it does not always quickly drink it in. 
Now, if a limite v d diftri£t. of the earth, where fuch fafts 
happen, were not previoufly furcharged with the fame 
kind of eleftricity with that feen diffufed upon it, how 
could fuch a phenomenon take place ? 

One of the belt authenticated accounts of lightning 
fpreading itfelf upon the furface of die earth is that in 
Dr. Prieftley's excejlent Hiftory. of Electricity, page 400* 
which I will here tranfcribe. 

cc But the moft complete demonftration of the real ufe 
of Dr. Franklin's method of fecuring buildings from the 
effects of lightning, is Mr. Kinnerfley's account of what 
happened to the houfe of Mr. Weft, a merchant of Phi- 
ladelphia, in Pennfylvania, which was guarded by an appa- 
ratus conftru&ed according to the directions of Dr. Frank- 
lin. It confifted of an iron rod, which extended about 
nine feet and a half above a flack of chimnies, to which it 
was fixed. It was more than half an inch in diameter 
in the thickeft part, and went tapering to the upper end, 
in which there was an hole that received a brafs wire 
about three lines thick and ten inches long, terminating 
in a very acute point. The lower part of the apparatus 
joined to an iron ftake, driven four or five feet into the 
ground. 

Ci Mr. Weft judging, by the dreadful flaih of lightning 

and 
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and inftant crack of thunder, that the conductor had been 
ftruck, got it examined; when it appeared that the top of 
the pointed rod was melted, and the finall brafs wire re- 
duced to feven inches and a half in length, with its top 
very blunt The flendereft part of the wire he fufpe&ed 
had been diffipated in fmoke; but fome of it, where the 
wire was a little thicker, being only melted by the light- 
ning, funk down (while in a fluid ftate) and formed a 
rough irregular cap, lower on one fide than on the other, 
round the upper end of what remained, and became inti- 
mately, united with it. It is remarkable, that, notwith- 
ftanding the iron ftake, in which the apparatus terminated, 
was driven four or five feet into the ground, yet the 
earth did not condufl: the lightning fo fafl^ but that, in 
thunder ftorms, the lightning would be feen diffufed near 
the ftake two or three yards over the pavement^ though at 
that time very wet with rain." 

Thefe eflfe&s plainly fhow that the earth does not al- 
ways with equal eafe abforb the ele&rie fluid. Which I 
judge, as before faid, muft arife from its ele&rical ftate 
peculiar to a limited diftiift where fuch extraordinary 
phenomena happen; for the earth is always moift. But' 
to add to that, in the above cafe it is faid that the paye- 
ment was very wet with rain. This conjefture of mine 
may at firft fight, I own, feem improbable; but the great 
quantity of ele&ricity obferved in fuch circumftances, 
muft have an adequate caufe, and I know of no other caufe 
capable of producing that efFeft. 

In the fame Hiftory of Elefiricity, page 394, 1 find that; 
Pliny, in his fecond book of Natural Hiftory, mentioned 

fome 
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fome luminous appearances, and tells us, that they fettled 
not only upon the mails and other parts of the fhips* but 
alfo upon men's beads y and on the /pears of the foldiers 
who kept watch by night upon the ramparts. Seneca in 
his natural queftions takes notice of the fame phenomenon, 
A ftar fettled on the lance of Gylippus, as he was failing 
to Syracufe : and /pears have feemed to be on fire in the 
Roman camp. In the month of February, about the fecond 
watch of the night, there was a very extraordinary ap- 
pearance in the army of Caefar. There fuddenly arofe a 
thick cloud, followed by a fhower of hail ftones ; and the 
lame night the points of the /pears belonging to the fifth 
legion feemed to take fire. Livy, chap. 32. mentions two 
fimilar fafis. It does not appear that the ancients had 
any proper ideas of thefe fafls and appearances ; for if they 
faw only one light it was termed Helen, an ill omen; but 
if two lights appeared they were called Caftor and Pollux, 
and were invoked as gods. . \ 



It is now evident that thefe luminous appearances muft 
have been natural or fpontaneous eleclricity. And that a 
limited part of the earth and atmofphere muft when and 
where thofe phenomena happened be highly electrical ; 
and alfo every fubftance within the eleftrified diftri£L 
For thofe rafts all happened without infulation, and were 
fimilar in that refpeft to the fafts obferved with my «»- 
in/ulated metallic rod. A fimilar event happened to Mr. 
Loammi Baldwin (related in the Phil.Tranf. vol. 72) who 
raifed an ele&rical kite in July 177 1, during the ap- 
proach of a fevere thunder ftorm, and obferved him/el/ to 
be furrounded by a rare medium of fire, which, as the 
cloud rofe nearer the zenith, and the kite rofe higher, con- 
tinued 
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tinned to extend itfelf with fome gentle faint fla/hes. Mr. 
Baldwin felt no other effect than a general weaknefs in 
his joints and limbs, and a kind 4 of lift lefs, feeling; all 
which he obferves might poflibly be the effefl; of fur- 
prife, though it was fufltcient to difcourage him from per- 
fifting in any farther attempt at that time. He therefore 
drew in bis kite, and retired to a mop till the ftorm was 
over, and then went to his houfe, where he found his 
parents and friends much more furprifed than he himfelf 
had been; who, after exprefling their aftoniflinient, in- 
formed him, that he appeared to them (during the time 
he was raifing the kite) to be in the midft of a large bright 
flame offlUy attended with flajhings ; and that they expect- 
ed every moment to fee him fall a facrifice to the flame. 
The fame was obferved by fome of his neighbours, who 
lived near the place where he flood. 

I confider this event as the moft extraordinary inftance 
of the kind (where no injury was fuftained) that I have 
yet been acquainted with. That a man fliould be fo 
powerfully ele&rified, ftanding on the ground, as to be 
vifibly fo to himfelf, and alfo to his friends jft a confider- 
able diftance from him, and in day-light too, fhews the 
immenfe quantity of ele&ricity that he muft be involved 
in ; and his fafe efcape from danger to be little lefs than 
a miracle. Every one muft be fatisfied (who reads this 
aftonifhing account) that Mr. Baldwin was permanently 
eleftfified, though uninfulated. It alfp feemS evident that 
the part of the earth whereon he flood, and that adjoin- 
ing to it within a certain diftance, muft have been in the 
fame eleSrical ftate. The principal difficulty that will 
here arife with many, will be the apparent want of infil- 
ls lation 
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lation to Mr. Baldwin*. But wheri that is accurately con* 
fidered, it will be found, that the furfouriding air per* 
formed that/ office by infulating two highly eleftrified 
bodies, Viz. the clouds above, and the furface of the earth 
beneath him, which have , in fuch inftances the effeft of 
coatings to a plate of air, fimilar to the coatings of a 
plate of glafs. Now it is well known, that the Leyden 
bottle retains its ele&ric charge though one of its charged 
coatings be uninfulated, or conneded with the ground. 

It is in my power to fatisfy any one during a thunder 
ftorm, and fometimes even during the pafling of a black 
cloud over my high pointed rod* that the earth is to fome 
limited diftance in my neighbourhood, fometimes in a re- 
dundant and fometimes in a deficient ftate of ele&ricity. 
One of my ways of proving it is rather diverting, when I , 
have a company of perfons of fufficient courage to form a 
circuit, by joining hands in the ufual manner, to receive the 
charge of the new Leyden bottle^ as I term it. It is thus 
performed— The firft perfon in the circuit is to touch with 
his finger the bell of the atmofpheric apparatus which 
Communicates with the earth, and the laft perfon in the 
circuit is to approach with his finger the brafs ball which 
is infulated. . The confequence is that a denfe fpark of 
eleflricity will hTue, and at the fame inftant the whole 
company gives a fudden fpring, as if they had received the 
charge of the common Leyden bottle. That the rod is 
difcharged by the operation is evident, becaufe the pith- 
ball ele&rometer, which . is conne&ed with it, collapfes. 
If the finger of the firft perfon be continued on the bell, 

* I confider Mr. Baldwin's fitiiation to be fimilar to that of the 
worm and fly in the charged Leyden bottle mentioned p. 72. 

and 
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and the finger of the laft be Removed from the ball to 
give the rod time to charge again and again, (for which 
purpofe fometimes three or four feconds are enough,) the 
company may repeat the experiment as often as they pleafe* 
But I have fometimes obferved, that even electricians 
thetnfeives were too well fatisfied of the facl: to make a 
fecond trial* 

When the Circumftances Which accompany this pheno- 
menon are well confidered, it may be difcoyered by fome 
fenfible effe&s, that the force of an ele&ric charge does 
not depend at all on the fliape of the charged furface. I 
conclude therefore, from this fa&, as before obferved, 
that a cloud over the rod, and the furface of the earth 
under it, may be confidered as the eleftrified coatings to 
the ftratum of air between them ; which, between the bell 
and brafs ball, is only two inches. This fmall portion of 
air is fometimes difplaced by a continued ftream of light- 
ning, very awful to a fpeftator. 

Moreover, I infer, from well known electrical pheno- 
mena, that when two fuch highly eleftrified coatings are 
once well formed, and the attractive force of their ele&ric 
atmofpheres have entered even in a fmall degree into each 
other ; it is not in the power of the wind to feparate and 
difperfe them. For as the wind in its progreffive motion, 
carries the eleQrified cloud forward, an equal ele&ric 
charge, but of a contrary kind, in a ftate of afiual opera- 
tion on the furface of the earth, will alfo move and keep 
an even pace with it j until eithfer the define charges be- 
come more augmented in the coatings of earth and va- 
pour, or they approach nearer and nearer towards each 
other, or in their path meet with fome conducting emi- 
f 2 nence 
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ncnce capable of facilitating their re-union; the confe- 
quence of which will be an explofion of lightning and in- 
ftant clap of thunder-, if not fome damage te animals, ve- 
getables, or buildings. 

Let a perfon's fituarion be where it may, either in the 
houfe or open field, he is liable in any place to be involved 
in an ele&ric charge, whether it be ftationary or moving 
with the clouds. And when he is fo involved, he may 
know nothing at all of it, without proper inftruments ; for 
reafons before given. I once found myfelf fo Involved, in 
a fmall degree, as I was walking in Hyde Park. I ob- 
served that the atmofphere began to affume a menacing 
appearance, and a heavy black fcloud being at no great 
diftance, I took my pocket eleftrometer out of its cafe, 
and held it in my hand, and it inftantly diverged near ,one 
inch. Some drops of rain now fell, I therefore went to 
my houfe, and I found my high pointed rod ftrongly 
charged and the bell of it ringing brifkly. 

With regard to danger from the returning ftroke out of 
or into a perfpn, which happens at the inftant a flafh of 
lightning takes place, I apprehend no painful' fenfation 
can fallow. For, although a man naturally poffeffes a 
very great quantity of ele&ricity, an4 his natural portion 
we know may be increafed or diminifhed, in a fmall de- 
gree, without harrn to himfelf, yet the quality and quan-> 
tity of his ^le&rical ftate will always have relation to 
the place he is in. If he flood in the direct path of a 
flafh of lightning, rooft likely the event would be fatal > 
but if he happens to be clear of that, his natural quantity 
of eleftricity can undergo no greater change in its den- 
ilty, or rarity tban^the diftrift of earth he ftands upon, 

and 
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and every thing elfe about him; which I fuppofe will b* 
very fmall. For inftance, there are but few, if any people, 
who have arrived to maturity, but have at one time or 
other been as it were involved in the very blaze of light- 
ning, and have not only fuftained no harm, but have ac- 
tually had no fenfation at all of a returning ftroke ; yet 
people fo^circumftanced are in the moft proper fituation 
to feel a returning ftroke. But the fenfations and injury 
fuftained (abating fudden terror) is generally in the eyes, 
the moft fenfible part of the body. The conftant moif- 
fure of the eyes, perhaps, may contribute thereto, by 
facilitating the paflage of a greater quantity of fluid 
through them. I imagine, that if it were poffible to de- 
prive a man of his natural portion of ele&rieity, by a re- 
turning ftroke, or in any other way, or even to fuper-add a 
double quantity of the fluid, though his body cannot break 
like glafs, yet either way might be fatal to him : and 
thus I fuppofe are people deprived of life by lightning, 
Mr. Baldwin's fenfations feem to imply thus much. See 
page 64. 

I judge, from feveral fenfible effefts, that a certain in- 
tenfity of the eleftric fluid eminently contributes to the 
well being of animals and vegetables. And I conjefture 
that the energy of the brain and nerves depends on a pro* 
per intenftty of electricity; as the aft of refpiring health* 
fully depends on a proper intenfity of air. However, to 
give this conjefture fome weight, I beg leave to trans- 
cribe an obfervatioh on the nerves of the Torpedo, by Mr. 
John Hunter, F.R.S. read at the Royal Society July 1, 
1773. " The magnitude and the number of the nerves be* 
flowed on thefe organs, in proportion to their fixe, muft on 
f 3 reflection 
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V 

refleftion appear as extraordinary as the phenomena they 
afford. Nerves are given to parts either for fenfation or 
aftion. Now, if we except the more important fenfes 
of feeing, hearing, fmelling, and tailing, which do not 
belong to the ele&ric organs, there is no part even of the 
moft perfect animals, which, in proportion to its fize, is 
fo liberally fupplied with nerves ; nor do the nerves feem 
neceflary for any fenfation which can be fuppofed to be- 
long to the eledric organs, And with refpeft to a&ion, 
there is no part of any animal with which I am acquainted, 
however ftrong and conftant its natural aftions may be, 
which has fo groat a proportion of nerves. 

<c If it be then, probable that thofe nerves are not ne«r 
ceffary for the purpofes of fenfation or a&ion, may we not 
conclude that they are fubfervient to the formation*, col- 
lection, or management of the ele&ric fluid; efpecially as 
it appears evident, from Mr. Walfli's experiments, that 
the will of the animal does abfolutely controul the ele&ric 
powers of its body, which muft depend on the energy of 
the nerves. 

cc How far this may be conne&ed with the power of 
the nerves in general, or how far it may lead to an exi- 
planation of their operations, time and future difcoveries 
alone can fully determine." 

The powers of the eleffcrical Eel, appear to be very 
much fuperior to thofe of ther Torpedo. I have feen his. 
brilliant fparks in the day light, heard their fnapping noife, 
and felt his fliocks, which were, on fome occafions yrhen 
he was much difturbed/veryfevere. 

But 
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Bat to purfue our remarks on the fuppofed danger 
from the returning ftroke a little further. Befides the 
evidence of natural fa&s, fimilar phenomena attend arti- 
ficial ele&ricity. When we accumulate denfe eleflxic 
fparks,' which ftrike through air, from fixteen to twenty 
inches in length, I have felt at thofe times a motion of 
the air on my face, at the inftant thofe explofions hap- 
pened, but I did not feel the return of the fluid into my 
body, which I had been deprived of during the accumu- 
lation. Yet I faw ele&ricity returning by the bell wire 
into the earth within lefs than two inches of its furface, 
and at the diftance of eighty-three feet from the machine. 
But in the room next to that in which the explofions were 
made, about two yards of the bell wire, in the dark, 
feemed to be on fire by the returning ele&ricity, which 
was efteemed a fine fight by the fpe&a{ors. Now, as no 
bodily fenfations were felt, it may be fuppofed by fome that 
no change of the natural quantity of fluid had taken place 
on the company ; but that is by no means die confluence ; 
for the houfe itfelf*, and every perfon and thing in it 
during the accumulation of thofe fparks are electrified ne- 
gatively ) which is eafily proved, by either placing per- 
fons or things upon a good infulation, the moment before 
an explofion happens, as they will be found* on trial, 
electrified negatively y becaufe whatever electric ftate 
they poffefled at the inftant they became infulatcd, the 
fame will remain when the explofion is over. 

On the 12th of March, 1781, by the favour of Richard 
Hen. Alex. Bennet, Efq. F. R. S. F. A. S. and with his 

* Sec the sad of Auguft, in the Journal for 1789— page 115. 
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large eleftrical apparatus, a iheep was killed by the elec- 
trical {hock, from a very large battery, in the prefence 
of many members of the Royal Society, aflemUled toge- 
ther for the purpofe of viewing the operation. In this 
mode of employing a very great quantity of the ele&ric 
fluid in one ftroke, no (eniation of a returning ftroke was 
perceived by the company, who flood near to three fides* 
of the table on which the Cheep lay* It Was thought 
neceffary by Mr. Hunter (who had the direction of th* 
operation) that the brafs rod > which was to conduct the 
electric charge to the head of the animal* mould be prefled 
clofe to it, or the wool of it might obftruA the force of 
the charge* I readily accepted the office, and, with a fticfc 
that flood near at hand, I preffed the metallic rod tight t» 
its head; although my fituation in fo doing was judged 
dangerous yet I did not feel the leaft fen&tian* 

Dr. Prieftley, and other perfons, put their hands into 
the water, at the time'that the ele&ric charge of the bat*- 
tery pafled over it$ furfacej and they felt a iudden cot|- 
euffion in the water, without pain to themfelvea* He held 
the bill of a robin red breaft* and after that the nofe of 
a motife, near the ele&rjc explosion of a, large battery,, but 
they did not feem to be at all affe&ed by it, I put into 
a large Leyden bottle a fly* and after that a Worm, and 
then charged the bottle* during ithtch I kept fifty eye op 
them, and in the difcharge aifo> but nefcher the -charge 
nor difcharge had any vifible effeft upon them. 

I will here transcribe, in concluding this Chapter, a few 
of the many remarks and obfervations made by that emi-r 
nent ele&icmrti Sigftier Becearia> oil Irghtftiftg. 

* Confidering 
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« Confidering the vaft quantity of de&ric fluid that 
appears in the moft fimple thunder florins, he thought it 
. impoflible that any cloud, or number of v tJouds, ihould 
ever contain it all, fo as either to difcharge or receive it; 
befides, during the progrefs and increafe of the ftorm, 
though the lightning frequently ftruck the earth, the fame 
clouds were the next moment ready to make a ftiU greater 
difcharge, and his apparatus continued to be as much af- 
fected as ever ; the clouds muft confequently have received 
at one place, the moment that a difcharge was made from 
them in another." 

/ 
" The extent of the clouds doth not leffen this difficulty; 
for, be it ever fo great, ftill the quantity ought to be lef- 
fened by every difcharge." 

u The fame caufe which firft raifed a cloud from va- 
pours difperfed in the atmofphere, draws to it thofe that 
are already formed, and continues to form new ones, till 
the whole colle&ed mais extends fo far as to reach a part 
of the earth where there is a deficiency tif the ele&ric fluids 
thither too will thofe clouds, replete with ele&sicity, be 
ftrongly attracted, and there will the ele&ric matter dif- 
charge itfelf upon the earth, A channel of communi- 
cation being in this manner' found, a freJh fttppty of 
ele£tric matter will be raifed from the over-folded f>atft, 
and will continue to be conveyed by the medium of the 
clouds till the equilibrium of die fluid between the two 
.places of the earth be reftored." 

* The fe£t, therefore, muft be, that the eleflric fluid 
is continually darting from the clouds in one place, at the 

fame 
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feme time it is difcharged from the earth in another; and 
it is a neceffary confequence from the whole, that the 
clouds ferve*as eondu&ors to convey the ele&ric fluid from 
thofe places of the earth which are overloaded with it, to 
thofe which are exhaufted of it." 

I am not certain whether Signior Beccaria was ever 
acquainted with that interefting difcovery of Dr. Prieftley 
©n the Tourmalin, as mentioned in the beginning of this 
work j but I have often thought that that fa£t of the 
Tourmalin gives aid to, or corroborates ftrongly, Signior 
Beccaria's fentiments of the electrical ftate of the eartH 
during a thunder ftorm. 

As it is now a fad, that fo fmall a fubftance as the 
Tourmalin ftone is, can exhibit at the fame time, and on 

-the fame flat fide, the two ftates of eleftricity, why fhould 
it be thought impoflible for the earth to fuftain, for a few 
minutes, (which would be in fome thunder-gufts quite fuf- 
ficient) the two contrary ftates of the ele&ric fluid ? and 

» efpecially when they are only fuppofed to happen on the 
eatth at the diftance of many miles; — perhaps in, fome 

• thumlei-gufts not lefs than 30 or 40* 

I readily admit that the earth, even in its dryeft ftate, 
is a better conductor of efe&ricity than the Tourmalin; 
: but when' a mile of earth is oppofed to every twentieth 
part of an inch of the ftone, their difference of capacity ' 
for condufting the eledtric fluid is thereby confiderably 
diminiflied. 

The 
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The only difficulty here arifes from our want of coiw 
ceiving how a quantity of eledric fluid can lie condenfed 
in or near the furface of the earth, in one part of it, 
whilft its neighbouring fluid in another part is attenuated j 
but when experiment is ftrongly on one fide, and nothing 
but ttyis difficulty of conception appears on the other, the 
latter ought to give way; and when the thing is care- 
fully confidered, and experiments with appearances are 
duly compared, perhaps the difficulty of conception may 
vanifh. 



CHAPTER VIII. 

Containing Jome Experiments and Obfervations vn 
the Leyden Bottle,. 

T Begin to be afraid that perhaps, after having been con- 
*** fidered as a dry experimenter, I may be taken for a 
vifionary innovator of Dr. Franklin's theory. Dr. Frank- 
lin's difcoveries, relating either to the nature of lightning, 
or to the Leyden bottle, are truly amazing, and much 
praife is juftly due to his ingenuity. But it is neceffary 
to obferve, that though many of Dr. Franklin's admirers 
thought that he had exhaufted the whole fubjeft, he him- 
felf was far from thinking fo; and the hiftory of ele£fcricity, 
fince the date of his difcoveries, demonftrates that his 
fofpicion was true. Time has brought to light a great 

number 
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number of incomplete as well as complete experiments, 
and perhaps more of die former than of the latter; fo that, 
though we know much more than he did at that period, 
we, at the fame time, know how much remains yet un- 
known. 

It has been my endeavour, by the following experi- 
ments and obfervations, to afcertain in a concife manner, 
that every ele&rical explofion of the Leyden bottle is the 
conflux or meeting of two oppofite powers, the pofitiye 
and negative electricities, rufliing into union from' two 
oppofite dire&ions; which I conceive mull arife from two 
caufes, that is to fay, from the ftrong tendency of the two 
ele&ricities to re-unite, which attratt each other with equal 
force, and the refiftance oppofed thereto by the non- 
conducting quality of air* 

4 

I conceive that there is only one eleQric fluid in nature. 
But when the natural quantity of a body is divided into 
parts, and fome of it given to another body having its 
whole quantity, we give different names to the eleftrical 
ftate of two bodies fo ele£hified, becaufe of their confe- 
; quent different effe&s on each other, yet they are one in 
their nature and operation* The fufceptibility of the elec- 
tric fluid to fufFcr a divifion or change in its natural ftate 
and fituation is manifeft in all ele&rical experiments, but 
this change cannot be carried on beyond a certain degree 
without great force or violence, becaufe the divided parts 
unite their whole force againft the difunitjng power, and 
will foon become equal to itj therefore it is, that in the 
charging of glafs the operation is limited and foon flops; 
viz* not becaufe die negative fide is poffeffed of no more 

eleftricity, 
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ele&ricity, ljut becaufe the djfuniting and the attracting 
powers are then a&ually balanced, confequently all further 
progrefs muft ceafe. 

I am thoroughly fatisfied of the truth of this general 
eonclufion, that every fubftance in nature (except air) ha3 
naturally a certain quantity of eleQricity appropriated tn 
it, which quantity may be diminiflied, either naturally or 
artificially, by drawing out a part, which the body will 
again refume; but its whole appropriated quantity caj* N 
never whoHy be drawn out of it And by the bye* the want 
of attending to this circumftance has occafioned many 
miftakes, for a fpark iffuing from a diminiflied quantity is 
as real a fpark of the ele&ric fubftance as the contrary; 
J therefore infer, that negative electricity muft be equally 
as a&ive as pofitive, and that it will urge its way through 
every refitting medium to meet the pofitive ; for this reafon 
it does not inactively wait in its place until the pofitive 
electricity has fupplted all its wants. This is, I prefume, 
manifeft, not only in the foregoing feries of experiment* 
on pofitive and negative light and fparks, but alfo in their 
atmofpheres, the confideration of which would carry me 
too far for my original defign* 

I am aware that the validity of thofe fa&s, and my 
reafoning upon them, militate againft the received thwy 
of electricity, becaufe Dr. Franklin, in his iirft letter, 
afferts, and by way of inftance lays, « Suppofe die com- 
mon quantity of electricity in each part of the bottle* be- 
v fore the operation begins, is equal to 20 ; and sA every 
ftroke of the tube, fuppofe a quantity equal to 1 is thrown 
in, then, after the iirft ftroke, the quantity contained 

within 
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within die bottle will be 21, in the outfide 19. After the 
fecond, the infide will have 22, the outfide 18, and fo ort 
until after 20 ftrokes; the infide will have a quantity of 
eleftricity equal to 40, the outfide nentj and then the ope- 
ration endsi Here we have a bottle containing at the fame 
tittie a plenum of ele&ricity, and a vacuum of the fame 
fire^&c," 

If ever Dr. Franklin wrote his obferVatldns in hafte* 
it was in this particular, without having firft well con- 
fidered the fa&s and appearances that ftill remain* and 
which cannot be accounted for* on the fuppofition that 
one fide of the bottle was exhaufted of all its ele&ricity ; 
for, to the extent to which we are able to carry this experi- 
ment, the pofitive and negative powers of the body are 
increafed and not diminifhed by the operation* Befides, 
we will admit that his tube was able to force out of one , 
fide of the bottle 20 negative fparks, and this we will fup- 
pofe was the limit of its power, yet a greater power would 
with eafe force out 20 more, if the condition and ftrength 
of the glafs would bear it. Bodies have no doubt a limited 
quantity of eleflricity, which probably may be more or 
lefe according to the nature of the fubftance ; but we have 
never yet found this limit in any, otherwife than what the 
power employed creates, for when more power is applied 
a greater quantity of the eleftric fluid will be found. 

To exhibit thefe efFefts as plain as poffible, and beyond 
the power of doubt, I would infulate the Leyden bottle 
as reprefented figure 5 (a contrivance obvious to every 
eleflrician). A reprefents a glafs ftand, which fupports 
the Leyden bottle, in a focket turned out of the wood* B. 

Cis 
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C is a metallic belt, with a female fcrew fitted to it, in 
order that metallic balls and points of different termina- 
tions may be occafionally fcrewed to it. At a convenient 
diftance from the fide of the bottle is fixed an infulating 
pillar of glafs* A curved wire, with a knob at the lower 
end of it, is fcrewed to the metallic rod D, which rod 
is moveable at pleafure in the head of the pillar, and is 
fixed tight in its place by the fcrew E. Place this inftru- 
ment fo that the knob of the bottle may be within a 
quarter of an inch of an equal knob proceeding from 
the pofitive prime conductor F ; the rod D is to be con- 
nected by a wire with the negative prime conductor ; the 
knob on the belt, and that on the curved wire, are alfo 
to be placed a quarter of an inch apart. Things being 
thus difpofed, and motion given to the electrical machine, 
the progreflive charge of the bottle may be obferved with 
eafe. The mod striking effect of this apparatus is, that 
it vifibly determines the quantity of power that any elec- 
trical machine is poffefled of; and it alfo fhows, in a clear 
manner, the fallacy of thofe old doctrines, viz. u that no 
more electrical fire can be thrown into the top of the 
bottle when all is driven out of the bottom," a circum- 
ftance that never yet happened in the Leyden bottle; for 
in all cafes the canfe of ceflation of eleflricity in charging 
it, is from the electrical machine itfelf, as will plainly 
appear from the three following experiments. 

By managing the filk flap of the rubber of my machine 
I make the glafs cylinder act ftrongly or weakly at plea- 
fure. Having put it into a weak ftate of action, yet 
equal to a machine of fmall power, and the apparatus be- 
ing adjufted as before directed, I turn the glafs cylinder, 

and 
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and count the fparks which are forced into the battle until 
I fee them ftop, the number of which in this ftate of the 
machine was 49, and of courfe 49 fparks were forced out 
of the negative fide of the bottle. I then increafed thp 
excitation of the glafs cylinder, to repeat the experi- 
ment, the apparatus remaining as before. I again worked 
the machine and counted the fparks, which I found to be 
I|2 before they ceafed. Laftly, I made the glafs cylinder 
afl brifkly; the apparatus Remaining as before, the ma- 
chine was now able to force into the bottle 155 fparks. 
before there was a vifible flop ; and at the fame time, as 
if it were fpark for fpark, there was forced off the nega- 
tive fide of the bottle 155 fparks. This quantity, great 
as it is, for a bottle whofe coated furface on one fide is 
only 80 fquare inches, is not, I fuppofe, the-one thou- 
fjmdth part of the eleQricity contained in a glafe of this, 
dimenfion. Nor will glafs bear a total deprivation of its 
electricity on either furfece, this we know by fad experi- * 
ence, becaufe it is fure to break long before that happens ; 
however this laft effefl: of my machine feemed to be its 
utmoft power. 

From thefe feveral fa&s we may fafely conclude (not- 
withftanding it has been affirmed, tc that one fide of charged 
glafs contains a plenum and the other a vacuum of elec- 
tricity") that we are not yet acquainted with the precife 
quantity of ele&ricity contained in glafs, or indeed in any ] 

other fubftance; nor do we yet know of any criterion 
whereby to determine a total deprivation. For the refult . , 

of thefe experiments, being fo widely different from what 
has been conftantly affirmed, concerning the negative fide 
gf the Leyden bottle, is a clear proof, that thofe con- 

clufions 
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clufions were formed too haftily, having attributed to the, 
power applied, what it was totally unable 5 to effect. 

The common^ criterions of pofitive and negative 
eleftricity, on eleftrified metallic points, are alfo exhi- 
bited in a very evident manner by' this inftrument, by 
only removing the knobs arid placing in their ftead four 
metallic points, a little flattened at their ends with a fmooth 
file^ the other parts of the apparatus remaining as in the 
three preceding experiments. As foon as the charge of 
the bottle begins^ the ufual figns of both electricities will 
be vifible, illuminating the points of the interrupted cir- 
cuit. The fign on the point connefted with the pofitive 
prime conductor will indicate pofitive eleflricity, and the 
fign oh the point oppofite to it in the knob, of the bottle 
will be faintly negative; The light on the point or extre- 
mity of the curved wire will be bright and negative, and 
the fign exhibited on the point at the belt will be the pofi- 
tive ramified light. 

The caufe of thefe contrary effefls feems to arife from 
the repulfion of the eleftric fluid in the firft cafe, and the 
refiftance of the air in the fecond. For inftance, all the 
time that the bottle is charging pofitively the point on 
its knob exhibits the negative fign, contrary to the charge 
itfelf, which is effefled by the repulfive power of the pofi- 
tively ele&rified oppofite point, which keeps the knob and 
point in a deficient ftate of eleftricity, and of courfe at- 
trafts the negative ; but this repulfive power extends only 
to a very fmall diftance, and its eftefct grows lefs and lefs 
as the charge of the bottle advances, therefore the fign 
on this point is a weak one. On the other fide of the 

g bottle, 
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bottle, as foon as charging begins, the electricity is dfiveri 
out of the gluTs into the coating* and becomes condenfed 
on the point at the belt, even fo powerfully as to exhibit 
the pofitive ramified light, though it iffues from a nega- 
tively charged body, which is certainly owing to the refift- 
ance of the air to the egrefs of the fluid at that point* 
Thus we fee that metallic points, whether they are con* 
nefled with a body eleftrified pofitively or negatively, do 
fometimes exhibit eleftric figns contrary to the kind or 
fource of eleftricity whence they proceed ; yet thofe figns 
are certain criterions of the kind on the points themfelves* 

If the Leyden bottle be charged without a vifiblefpar&j 
then, in that cafe, the ele&ricity during the charging has 
but one direction, viz* from the negative to the pofitive fide 
of the bottle; and in the difcharge of it, the contrary way* 
But if the charging or difcharging of it be made through 
the refitting medium of air, confequently with a.vifible 
fparh in that cafe the direction of the eleQric fluid* is 
doubled, and the fpark or light feen confifts of pofitive and 
negative light; as the foregoing experiments abundantly 
confirm. If the charge of the j)ottle be made at a nega- 
tive conductor (which is the one I generally ufe) the elec- 
tric light drawn out at the knob has the pofitive afpe£t, 
notwithftanding the bottle is aflually charging negatively ; 
and fo it affords an ele<9xical paradox. 

• During the time that this a&ive agelit is in a difturbed 
ftate, which commences by an unnatural divifion of what 
naturally exifts in bodies, no ftriking phenomenon attends 
it that is more evident than its conftant tendency to unite. 
This tendency is manifeft • by the mutual attradtion of the 

divided 
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divided parts, which is more confpicuous in this than in 
any other fluid ; infomuch, that it does not only exhibit a 
reciprocal attraftive force like a divided portion of water, 
quickfilver, &c. but it is poffeffed of a&ive power; for 
this fluid takes every proper means to facilitate its re- 
union, by drawing light bodies into the interrupted path, 
and crowding or condenfing itfelf at the prominent parts 
or extremities of all condu&ors, whether they are blunt or 
pointed, even fo forcibly that each power will appear to 
Jlream forth from, the cohdufting furface till they meet 
near the middle of the interrupted /pace. For there be- 
gins the re-union of the two electricities, which fome- 
times ends in a full explofion of their whole divided 
quantities, and which is inftantly refumed by thofe bodies 
that had been in fome fmall degree deprived of their natural 
portion of the eleftric fluid; after which, generally, all 
figns of eleftricity ceafe. 

This remarkable tendency of the divided parts of the 
fluid to unite, is often perceived in a full charged Leyden 
bottle; at the upper edge of the outfide coating, and at 
the edge of the cork in the neck of the bottle : where 
flrong efforts of active light are feen. If the infide of the 
bottle be charged pofitively, the light which, is firft feen 

• is generally the negative, on the outfide, darting upwards 
fmall rays of ele&ric light from the edge of the coating, 

'and foliciting, as we may fay, an union with that of the 
infide. After this, we generally perceive, as the charge 
goes on, brufhes of light iffuing from the edges of the 
cork and outfide coating into the air (as if the fluid fpent 
itfelf therein, which cannot be but by an a£l of violence, 

g 2 becaufe 
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becaufe that would be to operate againft itfelf and if* 
known tendency)* which will vifibly incline towards 
each other's atmofphere, and thereby unite in fome fmalf 
degree, and in proportion thereto flop the further pro- 
grefs of the charge or their further dhunion. But fhould . 
the power applied be fuperior to the prefent intenfity of 
the charge, and the diminution occafioned by thofe efforts, 
♦ the two powers would actually form an external circuit, 
as reprefented at A, fig. 6, by means of their atmofpheres, 
which* are already in poffeflion of the adjacent humidity 
of the air, and unife in oppofite directions in a fpontaneous 
explofion of their whole quantities^ 

In concluding this chapter I beg leave to obferve that 
I have ibmetimes been curious enough to elecTxify a 
pair of infulated pith balls pofitively, and another pair 
negatively^ with a view to afcertain the difFerence between 
their attracting and ftriking diftance. It is well known 
that the attrafting diftknee is confiderably greater than 
the . ftriking one. It was obferved fo be nearly in the 
proportion of twenty-fix to one. This was performed 
in a clofe room and dry aif. But my ingenuous friend,, 
Mr. Gamble, of Bungay, informs me, that in the open 
field, from an electric kite which he had raifed, he found 
the proportion between the length of the fpark at the 
metallic knob of the kite, and the attrafling diftance of 
light bodies from it, to be nearly as one hundred and 
feventy to one. 
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A LETTER 

TO 

Mr. A WALKER, 

LECTURER ON EXPERIMENTAL PHILOSOPHY. 



DearSir ? 

I thank you for your very candid and obliging obfer- 
vations in your letter on. my manufcript.^ You fay a I 
write down in hafte the only circumftance that ftrikes 
me as a real objection without having really confidered 
that, or any part of your work, with that attention or time 
it deferves, but which my manifold occupations will not 
allow." When you have time, Sir, to read and re-con- 
fider thofe parts which feem moft obfcure, and fliould ftijl 
remain embarrafled, I will encleavbur to clear them of 
entanglement, by repeating with you any of the experi- 
ments, or make any new ones you fnall propofe, that you 
think may afford further light or fatisfa&ion to either of 
us; in the mean while I fliall take the liberty of making a 
few obfervations on fome of your paflages. 

You obferve, u If we are to underftand pofitive and 
negative electricity as only more or • lefs, I think your de- 
fcription feems to imply two diftinft principles." Then 
there muft be fome defect in my defcription. For a body 
having more or lefs than its natural quantity of electricity, 
is completely all I mean by its being pofitiyely or nega- 
c 3 tively 
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tively electrified. That thefe two different ftates of one 
fluid, in their feveral effects and appearances, feem to in- 
dicate two diftinft principles, I readily alloAfr; which has 
been, I fuppofe, the occafion of leading fome electricians 
into a manifeft' error*. Notwithftanding this we may, I 
think, reft fatisfied that thofe effects and appearances are 
already fufficiently accounted for by the theory of only 
one electrical fluid. * . 

You add " that electricity is capable of difturbing 
electricity through a plate of air, glafs, &c. driving it off 
in proportion to its accumulation, I think I underftand. 
But if pofitive and negative meet in air and form the flam 
of lightning, they look to me like two principles." Not 
fo, Sir, they are only two ftates of one fluid. For inftance, 
if air be condemned it is ftill air, or if it be rarified it is no 
other. And that the electrical fluid is capable of con- 
demnation and rarefaction every experiment of electricity 
proves. I know of no exception to this general aflertion, 
for the rubber and the fubftance rubbed always produce 
denfe and rare ftates of this fluid. Confequently fuch 
different ftates of one fluid miift affume different appear- 
ances, and produce different effects. Hence, let the ap- 
pearances be what they may, they are all electrical; there- 
fore a negative fpark is as real a fpark of the eleftric fub- 
ftance as a pofitive one. Why their meeting in air 
mould alter the cafe, or raife any difficulty, I cannot con- 
ceive. The two electricities muft meet and unite fome- 
where,' or elfe the equilibrium in nature can never be 

* This obfervation feenos juft by Dr. Pearfs late Book on Elec- 
tricity. 
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reftored. That the two powers meet in air where the 
greateft obftruction' to their union lies, is evident, be- 
caufe otherwife they could not emit light or flafli. How- 
ever, at the moment of (hiking into each other, they can- 
not be diftinguifhed to be two balls or two flames of 
light, becaufe of their rapid motion, which arifes from the 
reciprocal attractive force of both electricities. So that 
when they approach each other in air, their powers and 
appearances are confiderably augmented, even to the- ut- 
moft efforts of their whole quantities. 

When I place the two equal balls to the metallic 
curved rods (mentioned in the 5th Experiment on Light- 
ning, confiding of pofitive and negative light) and exa- 
mine the explofive fparks which rapidly pafs between 
them, I diftinctly perceive the ufual figns of both elec- 
tricities in air, and the light in that part of the refifting 
medium where the two powers unite, to be lefs luminous 
than in any other part, which lofs of light is the natural 
effect: of their re-union. 

Some philofophers, even at this time, conjecture that the 
electric matter either is or contains phlogifton„ The elec- 
trical fmell remaining on the body fome time after ' the 
ftroke is given (and which I have obtained alfo in vacuo) 
feems to confirm fuch ideas. That fome quality of ac- 
cumulated electricity fliould forcibly act through glafs, 
which is impervious to the fluid itfelf, and repel its na- 
tural electricity on the pppofite fide of the glafs, in the 
cafe of charging the Leyden bottle, feems alfo to give aid 
to thofe conjectures. Which are facts that have long 
been admired, and though moft, if not all the effecls of 
g 4 electricity 
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electricity depend on this property of the fluid, yet I 
think it has never been very fatisfa&'orily explained^ 

I am confident that you will clearly perceive, that I 
have* hitherto ftri£Hy adhered to^one fihgle eleclxic fluid; 
for I always thought that the do&rine of two fluids^ viz. 
the vitreous and refinous^ were not founded in fa<St, and it 
has been juftly exploded ; becaufe it would be quite un- 
philosophical to admit more caufes of things lhan are 
fufficient to explain appearances. 

Yet it is ftill true that negative eleQricity has very 
much puzzled moft writers on that fubjeff. I think they 
have fometimes made choice of terms too ftrongj to de- 
note a negative ftate of the fluid, fuch as exhaufted vacuurhj 
&c. fuch terms may have occafioned the perplexity. For i 

were it true that a body rendered negative (even to the 
highefl: degree that art can effect it) was aftually exhauft- 
ed of its natural quantity of eieftricity, 1 acknowledge the 
difficulty to explain effe&s and appearances would be 
totally infuperable. Becaufe it is observed, that as the 
fuppofed exhauftion advances the negative powers increafe 
in regular progreflion with the pofitive. It is not an eafy 
matter to illuftrate the properties of the eleftric fluid by 
the powers and properties of any other, becaufe this fluid -«| 

differs confiderably from all other fluids, for although } 

negative quantities of other elaftic fluids poffefs great 
powers at the moment they are rendered negative, yet it 1 

is but for a moment; whereas negative eleftric powers are j 

permanent. You are pleafed further to add — 

" I have I 



1 



on EhUricity 89 

cc 1 have read your manufcript with pleafare and in- 
ftru&ion. It contains much new and interefting matter, 
but the manner of writing in our effeminate age is more 
recognized than the matter. I am forry td fay, in this 
particular, your half and half philofophers will think 
your pamphlet not elegant enough ; forry am I that trutty 
ftiould'-wan.t embellifhment, but lace and ruffles muft now 
ornament every produ&ion, or it will not go down. Yet 
is your mode of communicating your difcoveries and la- 
bours fimple and eafy, fuch as works of that fort ought 
to be." 

It is true, hiftory informs us that new difcoveries are 
commonly flighted on their firft being made public, be- 
caufe their - real ufe and importance is not at firft per- 
ceived, therefore are they foon overlooked and laid afide 
for the prefent. As a finking inftan^e of the truth of 
this bbfervation, and in this branch of fcience too, I can- 
not help exprefling my fiirprize how flow fome hints ok 
improvement^ have proceeded. Mr, Canton, in the year 
1751, publifhed his difcovery of a confiderable improve- 
ment of the rubber, by applying filk to it, on which 
he fpread a fmall quantity of an amalgama of mer- 
.cury and tin. It does not appear to have been in general 
ufe for near twenty years afterwards. Dr. Prieftley's 
Hiftory of Eleftricity was printed in the year ^767, in 
which he fhews the mode of excitation that was then in 
common ufe, and alfo a great variety of ele&rical ma- 
chines, not one of which is defcribed as having an amalg- 
ama of mercury and tin fpread upon a filk rubber. 

Another 
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Another inftance of the flow progrefs of knowledge is, 
I think ? that on the matter of lightning. It is now forty 
years fince that Dr. Franklin proved the famenefs of the 
eleftric matter with that of lightnings by charging the 
Leyden bottle at the key of his ele&rical kite. Yet it is 
obfeivable in the writings of fome modern philofbphers, 
that they ftill retain the old form of do&rine on this fub- 
}e£t, viz. that lightning confifts of a fudden kindling of 
nitrous and fulphureous exhalations carried into the higher 
regions of. the atmofphere. 

I am. Dear Sir ? 

Your moft obedient 

Humble Servant, 

J. Read, 

POSTSCRIPT. 

That there is fuch a fluid as conftitutes the matter of 
magnetifm is a truth not to be controverted any more 
than its properties of attraction and repulfion. Effects 
can never fpring up i# an invariable and fixed order with- 
out the agency of fome caufe, whofe mode of operating is 
likewife regular and conftant. The caufe of ele&rical 
attraction and repulfion feems widely different from that 
of magnetifm, becaufe thefe effects depend on bodies be- 
ing pofleffed of an unnatural quantity of electricity. For 
without this we know not whether the ele£tricity itfelf 
does either attract or repel other matter. Hence a middle 
quantity feems to poffefs no powers. 

For inftance, infulate three bodies A, B, C, of equal 
dimenfions, and of the fame kind of fubftance, we will fay 
three biafs rods, of courfe their natural quantity of elec- 
tricity 
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tricky will be nearly equal in each of them. We wijl 
fuppofe that the quantity in each rod, before the operation 
begins, is equal to ten fmall (parks. Place the rods A and 
C in a ftrait line, with their ends nearly in contaft, hold 
an excited glafs tube over A, but at fome diftance from it* 
and an ele&ric fpark naturally refident in this will be re- 
pelled into C, then increafe the diftance of the rods to 
prevent the return of the fpark, and remove the tube, and 
C will be found ele&rified pofitively, having eleven fparks, 
and A negatively, having only nine fparks j A and C will 
now exhibit the phenomena of attraQing and repelling 
light bodies ; the middle or natural quantity in B having 
its original ten fparks undifturbed, fhows no figns of elec , 
tricity at all. The ele&ric charge in A and, C coniifts 
only of what was in them before, for their whole quantity 
of eledlricity is neither increafed nor diminimed by the 
operation, though a change has been made in its fituation, 
This will be evident if A and C are made to touch each 
other, by which the equilibrium will be reftored to both 
of them; A and C will now like B, exhibit no figns of 
ele&ricity. Thefe effefts fliow moft plainly that the 
caufe of eleftric and magnetic attraftion and repulfion is 
not the fame. 

The magnetic virtue is termed a fluid; and it is faid 
that there are corpufcles of a peculiar form and energy, 
which continually circulate around and through a magnet. 
That the magnetic and ele£tric fluids pervade the pores 
of metallic matter with equal eafe is manifeft, the former 
that of iron only, the latter of all metals. Though there 
are feveral effefts which indicate a famenefs between thefe 
two fluids, yet I fufpecT: that there is hardly any other 

than 
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than the one {which can fcarcely be accountpd one) men- 
tioned above. There is indeed another appearance m 
raagnetifin which bears a ftrong analogy to the electrical 
phenomenon, which takes place when two bodies dif- 
ferently electrified are brought within the fphere of action 
of each other. This may be pbferved by bringing the 
©ppofite poles of two magnetic bars near to each other 
and fprinkling fome iron filings between their ends. 
With refpect to their laws of attra£lipn and repulfjon they 
fcem to me to have no analogy at all, any mpre than the 
caufe determining thofe appearances. Befijies, we are not 
yet fure whether what we term electric attraction and re- 
puifion comes from the electricity itfelf, or from the body 
electrified, or from both. It appears moft probable that 
thefe effects are the combined force of both, as the e}ec- 
trie. fluid is never known to a£l alone. It is nor, therer 
fore, the caufe that bodies approach or recede, that is ex- 
preffed by the words attraction and repulfion,, but merejy 
the effeft itfelf. 

The late Mr. Wilfon, F. R. S. could not be perfuaded 
that the electric appearances of lights and others of its 
fenfiblc qualities, were parts of the electrical fubftance, 
but that they confided of fmall parts of grofs bodies 
thrown into ftrong agitations in the air by the force and 
action of this fluid pafling from one body into another, 
J>y which they become decompofed, part with the. light 
(that before lay hid within them) and their moft volatile 
particles,, and fo (hine and fmell, and explode in palling 
through the air. . I always confidered this as a bold afler- 
tion, void of proof} and his arguments in fupport of it 
rather ingenious than folid* 

I con- 
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I conceive that the uniformity of the eleclric effects and 
appearances evinces the exiftence of a regular and uniform 
caufe, doing the fame things and exhibiting the fame ap- 
pearances tinder the fame circumftances at all times. It 
therefore feems not likely, that the fenfible qualities 
of the eleclric fluid fhould only be adventitious. Such 
ideas which reduce the eleclric phenomena into mere ac- 
cidental effecls and appearances, puflied fuddenly into ex- 
iftence for a moment, are unworthy of an electrician. 

In order to be fatisfied in this matter, viz. that Mr. 
Wilfon's reafoning, in this particular, does not accord 
either with the philofopher himfelf, nor with the eleclricaf 
phenomena, w T e need only recur to the eleclric effecls 
and appearances obferved in vacuo, where there is none of 
the fuppofed grofs matter for the eleclric fubftance to ope- 
rate upon, and kindle into fight and fmell ; becaufe in that 
cafe, if his reafoning was well founded, we ought to c#- 
peel but little or no light nor fmell in vacuo. But \vc 
know, by experiment, that the cafe is far otherwife, for the 
fame quantity of eleclricity exhibits far more light * in 
vacuo than it does in air ; and I have obtained the eleclric 
fmell in vacuo, by means of a convenient inftrument made ' 
for the purpofe* To make it ftill more evident by an ex- 
periment in air. It will appear by the following very 
fimple operation that eleclric light is fometimes produced 
without the fuppofed agatition in the luminous body. Take 
a ftick of hard fealing-wax and lightly rub it in the dark 
with a woollen cloth; then lay down the cloth and approach, 
with the end of your finger the rubbed part of the wax 
and eleclric light will be feen to iflue out of your finger, 
and fpread itfelf on the furface of the wax in a beautiful 

manner^ 
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manner. This experiment needs no arguments of 'mine 
to inforce it; it is plain and full to the purpofe, that is to 
fay, that the light i filling out of the finger is no extraneous 
ignited matter, and therefore luminous, but it is a part 
of the proper ele&rical fubftance, ifluing out of the finger 
in the form of light, to fupply a deficiency of it in the 
Wax, occafidned by the rubbing. 

Dr. Prieftley oberves^ in hi§ firft volume on different 
kinds of air, page 280— u That the eleQric matter in 
pafling through non-condu&ing fubftances always emits 
light; This light I have been fometimes inclined to fuf- 
pe£t might have been fupplied from the fubftance through 
which it pafles. But I find that after the ele&ric fpark 
has diminished a quantity of air as much as it pofiibly can, 
fo that it has no more vifible efFedt upon it, the ele&ric 
light in that air is not at all . leffened. It is probable, 
therefore, that ekftric light comes from the eleftric matter 
itfelf y 
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Z)r* Peart's late Book on EleBricity. 



QINCE the above was written Dr. Peart's book on 
^Electricity has been put into my hands. It contains a 
new theory of ElecStricity, " pointing out" (as the Dodor 
obferves in the Title Page) " the inconfiftency and fallacy 
of the doflrine of pofttive and negative electricity, and invef- 
tigating and explaining the true principles^ compojition^ and 
properties of eleclric atmofpheres" 

Notwithftanding thefe matters have been noticed before 
in this work, I cannot, however, forbear expreffing my 
furprize on feveral of the Doctor's improper ftatements of 
experiments and arguments deduced therefrom, in which 
he miftakes the caufe of fome particular effe&s, and thus 
both himfelf and all his followers are put upon falfe pur- 
fuits. 

Do&pr Peart obferves, in page 3, « we have no right 
to fay that any fimple body is poffeffed of electricity unlefs 
it (hews fome (igns of attraction when a light body is 
prefented to it." This is fo abfurd an infringement of 
truth that it hardly deferves to be noticed. The DcxSior 

might 
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might as juftly have faid that we have no right to fey that 

a dry bone is poffeffed of water, unlefs it (hows fome figns 

of wet adhering to the touching body. Had it not been < 

for this peremptory manner of fpeaking I know not that i 

I mould have taken any notice here of his many miftakeS* ' 

However, contrary to the Doctor's affertion, I think I j 

have a good right to fay, that every fubftance I have trie<fc I 

except aiz, (and which are very numerous) is poffeffed of 1 

electricity ; for although the natural electricity refident in ^ 

bodies, undifturbed, does not afford that kind of proof the 

Doctor requires, yet other proofs * equally decifive, are always 

at hand. It is fo felf-evident a truth, that I queftion whether 

it does not attend every experiment of electricity; for if 

I attempt to communicate electricity to a body, the natural 

quantity of eleflricity refident in that body, will be in- 

ftantly put in motion by the attempt, by which motion the 

body itfelf will become electrified (without friction) with 

its own eleftricity, before what I intended to communicate 

enter it. This fact is well known, and the truth of this 

obfervation is of general acceptation. See p. 90 and 91. 

This fact is clearly manifeft iri the electric charge of 
the Leyden bottle. Dr* Franklin has fully demonftrated, 
beyond difpute, that the Leyden bottle has no more elec- 
tricity in it when charged than before, nor lefs when dis- 
charged, confequently its electric charge confifts of the 
natural eleftricity which was refident in the bottle before ' 
the operation begun. This grand difcovcry hasjftood the 
attacks of eminent philofophers for upwards of forty years, 
and will yet, no doubt, furvive the late attack of Dr. Peart. 
Many cogent facts might be adduced of the prefence of 
elcftriciry in common matter; an attention to brevity, 

however, 
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however, renders it neceffary to forbear enlarging, I will 
therefore only add, that the Doflor himielf, in the feme 
third page, feems to allow the thing I contended for* in 
thefe words : " All that can be inferred from hence, is, that 
there is a fubtile fluid, which, in its natural JiaU, pofleflcs 
no properties by which it is evident to us; but that, by the 
a&ion of the rubber upon the glafs, it becomes excited to 
form an atmofphere, around the glafs, capable of attracting 
light bodies to its furface ; this fluid, therefore, is conjiantfy 
and univerfatty prefcnt) but is never ele&ric but in confc- 
quence of a proper excitement" 

P?gc 6. " If filk will impart its electricity, by being 
rubbed upon glafs, what is the reafon why it will not im- 
part it to every other body, by being rubbed againft it, if 
all are, naturally, in an equal ftate of electricity ?" Who 
was it that (aid it will not? For my part I am fatisfied 
that it will impart its electricity to any body, as I am of 
opinion that every kind of friftion in bodies produces heat 
and electricity; but without infulation fomewhere (which 
cannot be (aid of rubbed glafs) the fluid of courfe muft be 
invifible. One may fay in this, as a great perfonagefaid 
in another cafe, " No biihops, no king." No infulation, 
no electricity. 

Perhaps the following experiment may be adequate to 
the DoAor's queftion* To a piece of wood in the wall 
of my room I fixed a fmooth iron poker, I then ftepped 
upon a well infulated ftool, and with either (ilk or woollen 
in one hand rubbed the iron poker brifkly, at the fame 
time I touched with the other hand a fenfible ek&roncter, 
and with pleafure faw the gradual progrefs of the ek&ric 

H charge; 
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charge. It feems therefore, from this experiment, that in 
all cafes, and whatever is the nature of the fubftance, 
friftion always produces electricity; and when the effect 
is not fenfible, it is only becaufe the eleftricity is loft as 
foon as produced. The production of electricity, by means 
of friction, is analogous to the production of heat by the 
fame means. 

I do not admire the Doctor's explanation of the Leyden 
bottle, and I think, that his mode of experimenting with 
it is fanciful rather than judicious. Indeed his obfer- 
vations on it, in their prefent form, are rather too vague 
to conftitute any definite thing. Page 48. a If a jar, coated 
as ufual within and without, be placed upon a glafs ftand." 
Why will he place it upon a glafs ftand ? that is not the 
proper riiode of charging it, except at the fame time he 
connects the outfide coating with the negative prime con- 
ductor. " Its inner coating" he continues tt eonne&ed 
by proper conductors with the prime conductor, and then 
electrified pofitively* the inner coating will acquire a fmali 
charge of pofttive electricity, which, acting through the 
glafs, will expel all the natural electric fluid from the out- 
fide coating." This I pofitively deny to be the factj and 
I plainly perceive, throughout his book, that he takes it 
for granted, that a body, rendered negative, is actually 
deprived of all its natural electricity y this I aflign as one 
of the Doctor's principal miftakes. I readily admit, that- 
fome authors, when treating on negative eleftrieity, have, 
incidentally given too great occafion for fuch ideas; and 
I am fure he has not dealt fparingly in the ufe of them. 
- <c Which he fays will therefore be eleQrified negatively*— 
The queftion then is, whether is the natural quantity of 

th© 
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fee cleftric fluid driven, which was expelled from the outer 
fcoating ?"— In the prefent cafe, as the circuit is but ftnall, 
I hefitate not to anfwer, it is driven into the infide of the 
jar.— u The glafs ftand, he adds, could not condud it 
away, yet, the outfide coating is, what they call completely 
negative^ 9 Thefe particulars contain a manifeft contra- 
diction j for if his glafs ftand be a good infulation, (of 
which I am in doubt) and therefore could not conduct 
eleflricity, it is abfolutely impofiible that the jarfhould be- 
come negative on the outfide, but juft the reverfe ; for the 
ele&ricity will,fo circumftanced, aft upon the glafs jar as if 
it were made ofbrafs, or any other metal, and confequently 
both the infide and outfide* will be eledrified uniformly the 
fame in kind with that of the prime condu&or itfelf. If he 
wifhes to preclude every exception on the account of infula- 
tion, in this experiment, I would advife him to fufpend his glafs 
jar in dry air, to the. prime eondu&or, then work the ma- 
chine* and I am fure he will find the refult as here expreffed ; 
provided that he does not) on trying the facl, approach the 
outfide coating with any thing but what is perfectly 
infulatedi 

With regard to ele£tric atmofpheres,fome have denied 
their exiftence, but Dr. Peart has found a double number 
of them, and which he fays « is too evident to admit of 
a doubt about its vferacity." With refped to myfelf, 
I conceive that ele&ric atmofpheres confift of eleftricity, 
naturally refident in the humidity of the air* furrounding 
an eleftrified body to a certain diftance j that excited glafs, 
for inftance, repels the eleftric fluid from it, and confe- 
qiiently, beyond that diftance makes it more denfe; whereas 
excited wax attracts the cle&ric fluid exifting in the aque- 

h 2 ous 
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ous matter* nearer to it, making it rarer than it was be^ 
fore. 

Electric atmofpheres evidently decreafe as the diftance 
increafes from the eleftrified body, but in what ratio of the 
diftance feems not yet afcertained. I hare been very care- 
fill in repeating experiments of this kind on the two elec- r 
tricities, and I find that this law obtains with both powers; 
had Dr. Peart been thoroughly acquainted with this law of 
electric atmofpheres, it might have faved him a great deal 
of labour. 

But we will purfue his doctrine of double eteclric atmof- 
pheres in a more particular and experimental manner, be-> 
caufe Dr. Peart roundly affirms, page 87, — < c In fhort 
thefe principles, and this theory alone, can rationally ex- 
plain the phenomena of electricity, which never will be " 
underftood unlets they be admitted*" But, previous to the 
performance of experiments, we ought to confider atten- 
tively the ftate of our apparatus. And to be plain, I do 
not approve of the Doctor's electrometer to examine judi- 
qioufly things of this kind. He defcribes it as confifting .. 
only of one pith ball fixed to a filk thread ; this I think 
muft be very unmanageable. My electrometers confift 
of two pith balls, fufpended by filaments of combed flax 
fixed to metal, which is fopported by a glafe ftand, co- 
vered with hard fealing-wax. I have feveral of this fort 
by me, and of different magnitudes, of courie different 
in fenfibility. 

Dr. Peart's definition and application of his double elec- 
tric atmofpheres takes up a large part of his book, but 

for 
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for the fake of concifenefc I fhall pafs over many of his 
fmaller obfervations, and content myfelf with obferving, 
that the Do&or founds his principles of double ele&ric 
atmoipheres on two effects, commonly obferved in them ; 
viz. that if a pith ball be brought into the atmofphere of 
an ele&rified cpndu&or, at a remote diftance from it, the 
ball is only attracted without any change in its Hate; but 
if the ball is made to approach nearer to it, the ball becomes 
cle&rified. For the truth of this I beg leave to refer the 
candid reader to the 23d, and feveral of his following pages* 
but to an ele&rician, enough has been faid already to make 
it plainly appear, that he builds his theory on a fandy foun- 
dation. 

That an ele&rometer may be immerfed in an ele&ric 
atmofphere, and withdrawn out of itunele&rified— and that 
if it be plunged deeper into the fame atmofphere it will 
acquire an ele&ric charge, is well known to be nothing 
more than the mere effect of the various intenfity, and that 
thofe effeSs do not happen alike with any two ele&ometers 
of different fenfibilities, at the lame diftance from the elec- 
trified body, yet their eleftric charge will be of the fame 
kind of electricity with that of the body, at every diftance 
in which they become ele£lrifiecL 

The following conclufions appear to be deducible from 
fliefe effefls: ift. A body is furrounded with an eleQric 
atmofphere, whether it be ele&rified pofitively or nega- 
tively; 2d. thefe atmofpheres dccreafe in their intenfity 
as the diftance increafes from the ele&rified body, but are 
abfolutely formed of one kind of eleflricity throughout* 
with that of the body itfelf ; and 3d, hence it follows, that 
H 3 the 
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Another inftance of the flow progrefs of knowledge is, 
I think ? that on the matter pf lightning. It is now forty 
years fince that Dr. Franklin proved the famenefs of the 
eleftric matter with that of lightnings by charging the 
Leyden bottle at the key of his electrical kite. Yet it is 
obfervable in the writings of fome modern philofPphers, 
that they ftill retain the old form of do&rine on this fub- 
)ect, viz. that lightning confifts of a fudden kindling of 
nitrous and fulphureous exhalations carried into the higher 
regions of the atmofphere. 

I am. Dear Sir ? 

Your moft obedient 

Humble Servant, 

J. Read, 

postscript. 
That there is fuch a fluid as conftitutes the matter of 
magnetifm is a truth not to be controverted any more 
than its properties of attraction and repulfion. Effects 
can never fpring up i# an invariable and fixed order with- 
out the agency of fome caufe, whofe mode of operating is 
likewife regular and conftant, The caufe pf eleftrical 
attraction and repulfion feems widely different from that 
of magnetifm, becaufe thefe effects depend on bodies be- 
ing poflefled of an unnatural quantity of electricity. For 
without this we know not whether the electricity itfelf 
does either attract or repel other matter. Hence a middle 
quantity feems to poffefs no powers. 

For inftance, infulate three bodies A, B, C, of equal 
dimenfions, and of the fame kind of fubftance, we will fay 
three biafs rods, of courfe their natural quantity of elec- 
tricity 
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tricity will be nearly equal in each of them. We will 
fuppofe that the quantity in each rod, before the operation 
begins, is equal to ten fmall fparks. Place the rods A and 
C in a ftrait line, with their ends nearly in contaft, hold 
an excited glafs tube over A, but at fome diftance from it> 
and an ele&ric fpark naturally refident in this will be re- 
pelled into C, then increafe the diftance of the rods to 
prevent the return of the fpark, and remove the tube, and 
C will be found ele&rified pofitively, having eleven fparks, 
and A negatively, having only nine fparks j A and C will 
now exhibit the phenomena of attra&ing and repelling 
light bodies ; the middle or natural quantity in B having 
its original ten fparks undifturbed, fhows no figns of elec- 
tricity at all. The ele&ric charge in A and, C confifts 
only of what was in them before, for their whole quantity 
of ele&ricity is neither increafed nor diminifhed by the 
operation, though a change has been made in its fituatioo, 
This will be evident if A and C are made to touch each 
other, by which the equilibrium will be reftored to both 
of them; A and C will now like B, exhibit no figns of 
ele&ricity. Thefe effefts fhow moft plainly that the 
caufe of eleftric and magnetic attraftion and repulfion is 
not the fame. 

The magnetic virtue is termed a fluid; and it is faid 
that there are corpufcles of a peculiar form and energy, 
which continually circulate around and through a magnet. 
That the magnetic and ele&ric fluids pervade the pores 
of metallic matter with equal eafe is manifeft, the former 
that of iron only, the latter of all metals. Though there 
are feveral effects which indicate a famenefs between thefe 
two fluids, yet I fufpeft that there is hardly any other 

than 
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than the one {which can fcarcely be accountpd one) men- 
tioned above. There is indeed another appearan/ce in 
magnetifaj which bears a ftrong analogy to the eleCtrical 
phenomenon, which takes place when two bodies dif- 
ferently ele&rified are brought wjtfyin the fphere of a&ion 
of each other. This may be obferved by bringing the 
©ppofite poles pf two magnetic bars near to eaph other 
and fprinkling fome iron filings between their ends. 
With refpedt to their laws of attra£tipn and repulfion they 
feem to me to have no analogy at all, any more than the 
caufe determining thofe appearances. Befi^es, we are not 
yet fure whether what we term eleCtric attraction and re- 
puifion comes from the eleCtricity itfelf, or from the body 
eleCtrified, or from both. It appears moft probable that 
thefe efFedts are the combined force of both, as the ejep- 
tr'vc fluid is never known to aCt alone. It is nor, therer 
fore, the caufe that bodies approach or recede, that is ex- 
celled by the words attraction and repulfion,. but merely 
the effe& itfelf. 

The late Mr. Wilfon, F.R. S. could not be perfuaded 
that the eleSric appearances of light, and others of its 
fenfible qualities, were parts of the eleCtrical fubftance; 
but that they confiftcd of fmall parts of grofs bodies 
thrown into ftrong agitations in the air by the force and 
juStion of this fluid paffing.from one body into another, 
)>y which they become decompofed, part with the.l^ght 
(that before lay hid within them) and their moft volatile 
particles,, and fo (hine and fmell* and explode in palling 
through the air. . I always confidered this as a bold afler- 
tion, void of proof* and his arguments in fupport of it 
rather ingenious than folid* 

I con- 



/ on EleBricity. « 93 

I conceive that the uniformity of the ele&ric effects and 
appearances evinces the exiftence of a regular and uniform 
caufe, doing the fame things and exhibiting the. fame ap- 
pearances under the fame circumftances at all times* If. 
therefore feems not likely, that the fenfible qualities 
of the electric fluid fhould only be adventitious. Such 
ideas which reduce the electric phenomena into mere ac- 
cidental effects and appearances, puflied fuddenly into ex- 
iftence for a moment, are unworthy of an electrician. 

In order to be fatisfied in this matter, viz. that Mr. 
Wilfon's reafoning, in this particular, does not accord 
either with the philofopher himfelf, nor with the electrical 
phenomena, we need only recur to the electric effefts 
and appearances obferved in vacuo, where there is none of 
the fuppofed grofs matter for the eleftric fubftance to ope- 
rate upon, and kindle into fight and fmell; becaufe in that 
cafe, if his reafoning was well founded, we ought to ex- 
pect but little or no light nor fmell in vacuo. But wc 
know, by experiment, that the cafe is far otherwife, for the 
fame quantity of electricity exhibits far more light in 
vacuo than it does in air ; and I have obtained the electric 
fmell in vacuo, by means of a convenient instrument made ' 
for the purpofe. To make it ftill more evident by an ex- 
periment in air. It will appear by the following very 
fimple operation that electric light is fometimes produced 
without the fuppofed agatition in the luminous body. Take 
a flick of hard fealing-wax and lightly rub it in the daric 
with a woollen cloth; then lay down the cloth and approach 
with the end of your finger the rubbed part of the wax 
and electric light will be feen to iflue out of your finger* 
and fpread itfelf on the furface of the wax in a beautiful 

manner 
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When I find that the moifture in the air has fo much 
injured the infulation of my high pointed rod, that it 
will not retain a weak electricity, in that cafe I make 
ufe of my hand exploring rod, which is about the length 
and thicl^nefs of a common fifliing-rod, with plenty of 
finall wire twined round it from end to end. The 
method of ufing it is fimple and eafy. A reprefentation 
of it may be diftinflly feen in fig. 2. Having firft 
warmed the glafs legs of the ftool, I place myfelf upon it, 
and raife the rod into a vertical pofition, keeping it fo for 
a minute or two ; I then with a finger of the other hand 
tpuch a fenfible ele&rometer, and if the threads open it is 
fufEcient. But fhould the ele&rical ftate of the atmo^ 
fphere be too weak to produce that efFed, which feldom 
happens, then in that cafe I add to the rod a lighted 
torch T, and place it as remote from my hand as the 
ftrength of the rod will bear, and repeat the experiment; 
thus circumftanced, it has neyer yet failed me. 

It will be neceffary juft to mention the method I have 
purfued in forming the Journal of Atmofpherical Elec- 
tricity. This has been principally by means of the figns 
exhibited by the pith balls O, cor*ne£led with the rod, 
When I find thefe clofed, and atfra&ed on the approach 
of my finger, yet not fufficiently charged to repel each 
other, I, write weak figns of eleftricity. When I find the 
balls open, and, on the approach of excited glafs, the 
balls clofe, I write they are electrified pofitively ; but, if 
th^ balls open wider, I write they are eleflrified nega- 
tively; and the reverie when I ufe fealing-wax. When 
the balls diverge pnQ inch and upwards, vifible (parks 
may be drawn at the brafs ball N. When fparks are 

faid( 
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feid to have been perceived in any obfervation, I have 
generally on that account omitted to note the variable 
quantities of divergency in the pith balls. Their utmoft 
limit of regular divergency feems to be about five or near 
fix inches; above that they are unfteady and diforderly. 
The pith balls are near two-tenths of an inch in diameter, 
fufpended by very fine flaxen threads (in the ftate it is in 
from the heckle) five inches long. When I mention the 
diftance of the balls in tenths of an inch, it is to be un~' 
derftood as nearly fo as my eye can determine. 

This apparatus requires a conftant attention, efpecially 
during a difturbed ftate of the atmofphere. From the 
X 00m in which the apparatus is placed I am feldom abfent 
one hour, excepting the time of fleepj but, when I leave 
it, the laft thing I do at night is to examine the ftate of 
the electricity, and, if I find the rod uneleftrified, I then 
place the Leyden bottle on the table S, with its knob 
tfearly in conta& with the ball N. The next morning, 
if I find this bottle charged, I write the kind of eleftricity 
it is charged with againft the day in the Journal, and add, 
by the night bottle. 

It is prefumed, that the table is fufficiently obvious. 
The column for pofitive and negative eleflricity is ufed 
pnly for the firft obfervation of each day. I ufe Fa&ek- 
heit's thermometer, fufpended on the north putfide of a 
bow-window. The time of making the obfervation 
with it, and the barometer, and alfo of the direction of 
the wind, has ufually been (line o'clock in the morn- 

JLaftlyi 
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Laftly, it may be ufeful to obferve, that I have always 
found, when the rod is highly eleSrifiecJ, the lower though 
uninfulated part of the apparatus, viz. the metallic con,* 
neftion of the bell P with the moift earth) to be in aeon* 
trary ftate of electricity to the upper and infulated part. 
See the 22d of Auguft, 1789. 

Having made a memorandum of the feveral thunder- 
ftorms which have happened in divers parts of this tflaiid, 
according to information by letters, and from newfpapers, 
J thought it ufeful to infert them in this Journal, in order 
to fhow whether fome contemporaneous appearances in my 
apparatus might not be attributed to them. 
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May, 1789. 



Balls open about three-tenths of an inch. 

But very weak. 

Barely iufneient to feparate the balls. 

The firft day I have had viable fparks; 
weather cloudy, but fair. 

The weather in the forenoon a little haay; 
in the afternoon a thick fog. Four o'clock 
a little rain fell ; the rod now became 
highly electrified positively; and the bell 
rang Drifkly : I now filled feveral bot- 
tle* with the fluid. This ftrong charge in 
the rod did not laft more than one hour, 
but it remained charged pofitively in alefs 
degree the reft of tne day. Tnere was 
this day fome lightning and thunder at 
Salifbury, and to the weft of it. 

Balls open four-tenths of an inch. 

A.M.— And P.M. negative 

A.M.— And P.M. 

Balls open fix-tenths of an inch. 

Balls open five-tenths of an inch. 

P.M. dark heavy weather. 

The rod has been electrified nearly the 
whole day. 

Nearly the fame as the preceding day. 

r Tuft fufficient to indicate the kind. 
v Serene weather* 

Six o'clock A.M. Soon after a fog with 
drizzling rain, by which the rod became 
electrified pofitively. 

A.M. 

A.M. Balls open three-tenths of an inch. 

But very weak. 

A very cloudy morning, though at too 
great a height for my rod ; but in the af- 
ternoon the clouds approached much 
nearer, and the rod became charged pretty 
ftrongly pofitive, which continued about 
one hour and a quarter. I charged fome 
Ley den bottles with the fluid, fome po- 
fitive, others negative, for there were four 
gradual changes % of the electricity. 

Balls open halt an inch. 

Nine o'clock A. M. a heavy mower of 
rain, by which the rod became ftrongly 
charged with negative electricity, all the 
time the ihower lafted, which was fhort 
and fudden. One hour afterwards, the 
electricity. changed to a ftrong pofitive, 
the bell iuddenly began to ring, and con- 
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tinucd to do fo five minutes; the pith 
balls then clofed (lowly, and opened ne- 

Sative, and continued fo the reft of the 
ay. At Edinburgh, fome lightning and 
thunder this day. 

A cloudy fhowery morning. The electrical 
operations in the rod have been beautiful 
this day. In about fix hours time I ob- 
ferved feven changes of the electricity; 
five of thefe changes were gradual. The 
balls opened from 3 to 4 inches, and re- 
mained fo from 15 to 20 minutes each 
opening, then gradually clofed ; the other 
two charged flowly, but clofed very quick. 

But weak; 

A.M. 

A cool cloudy morning. The rod has 
been ftrongly electrified full feven hours ; 
the reft of the day but weakly fo. There 
were 12 changes of the electricity, all 
gradual, except one, which was inftan- 
taneous ; the balls fometimes exhibited a 
waving motion, and fometimes fudden 
jerks. There were fevcral mowers of rain, 
and two of hail ; during the fall of hail 
the rod was moil powerfully electrified, 
and the bell rang very brifldy; the effects 
and appearances were fo awful, that I kept 
at a good diftance from the rod. A great 
deal of lightning on the eaft fide of Kent 
and Effex this day. 

Balls open half an inch/ 

A.M. — And P.M. pofitive. There were 
fmall fparks emitted from the brafs ball N, 
and the pith balls continued doling and 
opening many times, without any change 
of kind, for trie fpace of ( two hours. 

Balls open from one to feven-tcnths of an 
inch. 

Weak figns, balls not open. 

alls open three-tenths of an inch. 

Balls open five-tenths of an inch. 

Very cloudy weather, but at too great a? 
height to affect the rod powerfully. 

Balls open full half an inch. 

Balls open near one inch. 

Ten o'clock A.M. a fudden mower of rainy 
by which the rod became highly elec- 
trified pofitively, and continued to emit 
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fmall fparks at the ball N, long after the 
Ihower was over, without any change of 
the electricity. 

"the weather fhowery ; the rod pretty well 
eleftrified. 

Balls open fix-tenths of an inch. 

Weak ngns ; balls not open. 

This morning feveral heavy clouds pafled 
over from the SW, by which the rod be- 
came moderately electrified negatively; 
and fome rain fell, which increafed its elec- 
trical charge. In the afternoon, the 
wind and clouds put on a more ominous 
appearance; near five o'clock began a 
ftorra of wind, rain, lightning, and thun- 
der ; but the main weight of thettorm did 
not come near my rod. Its dire effects 
muft be eaft of London : neverthelefs, I 
had thofe ufual beautiful appearances 
which attend a ftrong charge in the rod. 
The ftorm laded one full hour, during 
which time there were ..five fucceflive 
changes of the electricity, viz. four gra- 
dual attended with fudden jerks or 
ftarts, which often diminilhed the diver- 
gency of the pith balls from 4 inches to 
a inches or lefs. After thofe jerks the 
pith balls recovered their former degree 
of divergency, fometimes fuddenly, and 
at other times flowly. The other change 
happened inftantaneoufly, the pith balls 
ctollapfine and opening 10 quick that the 
eye could barely fee their motion. There 
were two other inftantaneous clofings and 
openings of the balls, without a change of 
electricity. Much lightning at Gravef- 
end to day. 

The rod has been electrified all this day. 

Moftof the forenoon. Afternoon fome rain 
fell, and the rod became electrified ne- 
gatively, and ended pofitively. 

A.M. 

A very thick cloudy morning. The electric 
charge in the rod has been moderately 
ftrong and very fine to-day. There were 
five gradual changes of the electricity. 

A.M. 

Cold fhowery weather. Except fome fmall 
intervals, the rod has been ilrongly elec- 
trified all this day. The bell rang brifkly 
for a few minutes, then fuddenly Hopped, 
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and the pith balls clofed and opened ne- 
gatively, and continued fo till a little af- 
ter eight o'clock P.M. when they changed 
to pofitive. At Liverpool, this day, a 
tremendous ftorm of lightning, thunder, 
hail, and rain. 

A very cold, fliowery morning, and the 
drops of rain were very large. The rod 
has Deen very powerfully ele&rified near 
twelve hours tnis day, during which time 
there happened eleven changes of the 
electricity, all gradual but one. The balls 
often exhibited a waving pendulous mo- 
tion) without any dimumtion in their di- 
vergency. There were alfo a few of thofe 
jerks before noticed on the 21 ft inft. 

The bell rang brifldy : there has been no 
change in the electricity this day. 

Nearly all day. -Weather ferene and clear. 

5 Weak figns, balls not open. An even 
dark fky, but fair. 
Weather ferene, very hot, and a clear Iky. 
A.M.— And P.M. negative. At Glafgow, 
fome lightning and thunder* 
Weak figns. Balls not open. 
A heavy dark atmofphere, but fair. At 
Monknlver, near Bath, much lightning 
and thunder. 



Weak figns of electricity } balls not open. 



Neg A.M, 



Neg 



Neg 



Neg 



Neg 



Neg 



A.M. 

Balls not open. , 

A.M.— And P.M. pofitive, with fparks. 

At Hereford, this day, a ftorm ot rain, 

lightning, and thunder. 
Weak figns ; balls not open. 
A.M. — And P. M. pofitive, with bright 

fparks. At Strichen, in Scotland, a heavy 

thunder ftorm. 
Balls not open. At Edinburgh, this day, 

fome lightning and thunder. 
P.M. with fine fparks; but no change of 

kind. At Glafgow and Hamilton, this day, 

lightning, thunder, hail and rain ; and alio 

at Newcaftle, in Northumberland, the 

ftorm was fevere. 
Weak figns ; balls not open. 
P.M. 
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Neg Three o'clock P.M. I faw a thunder ftorm 
approaching. While the ftorm remained 
at a conliderable diftance, the rod was 
veTy highly charged with negative elec- 
tricity, ana continued fo three quarters 
of an hour; during that time diftant thun- 
der was heard. The wind fuddenly (hift- 
ed to the SE, and a very heavy rain foon 
came on ; the electricity now changed to 
pofitive, and the bell rang brifkly ; every 
appearance (both within and without the 
room] was tremendoufly awful. I there- 
fore lea ted myfelf upon a large infulated 
ftool, where I could with fafety obferve 
the apparatus. A Leydeh bottle was un- 
defignedly placed with its brafs knob near 
to the brafs ball N. This bottle charged 
and fpontaneoufly difcharged almoft as 
quick as I could notice them ; and at the 
lame time there was a continual flaming 
of denfefparks between the bell and brafs 
ball. Thefe very grand appearances only 
lafted ten minutes, and the fcene was ter- 
minated by a clap of thunder; but the 
ftorm, and its effects on the rodd lafted 
near two hours. I faw no lightning but 
what was in the apparatus. There were 
nine gradual changes of electricity. The 
pith balls exhibited fudden ftarts or jerks, 
and fometimes a waving motion. 

I had purpofely placed a large glafs bowl, 
upon an infulated tabic, in the open air, 
to catch the falling electrified rain. As 
foon as the bottom of the bowl was well 
covered with the rain water of the above 
ftorm, to my great fatisfaction, a pair of 
linen threads I had placed for the pur- 
pofe diverged near two inches ; the water 
remained electrified near ten minutes 
after it was taken into the houfe. 

Neg P.M. a little rain fell, and the electricity 
changed to pofitive. At Edinburgh and 
BamfF, this day, there was much light- 
ning and thunder. 

Neg A very ftrong electricity fn the rod all the 
forenoon. 12 o'clock fome rain fell, on 
which the rod became highly charged 
pofitively, the bell rang weakly for a long 
time, it then ftopped,and the balls clofed 
and opened negative, and continued lb 
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full three hours. This day, n Mr Shrewf- 
bury, ■ ftorm of Jain, 'lightning,] and 
thunder. 

Both A.M* and P,M, and ended mega the 
a* the preceding day, 

A.M. — And P.M. pofitive. 
} Weak tigna ; balls not open. An univar- 
{ faL cloudy dark. fky. 

Four o'clock P. M. happened a fudden and 
fliort ilorm of wind and rain, by which 
the rod became powerfully tlcctriried, the 
bell rang for sQ minutes, then ftopped, 
and the electricity became positive, and 
ftrong, At Cambridge* this day, a tre- 
mendous ftorm of lightning and thunder. 

A.M. balk open live-tenths of au inch. 

A.M. 

Balk open fix-tenth* of an inch. 

P-M, — A regular dark, fkvj with final! 
ram, which continued four hours; fuch rains 
are never eieclrihcd llrougly. Air it very 
moifL 

I A heavy dark, atmofphere, end a warm 
fort air. The ele&ricity thefe fix days 
amount* only to weak iigns, bails not 

) open* 

B.M. 
AM 
A.M. 
A.M. 

Balls not open* 

P.M.— A fine (bower of nun, on which the 
rod became pretty well ele&rified ; but 
foon changed to a ftronr negative eleclri- 
city, which afforded fine {parks at the 
brafs ball N. The pith balls clofed and 
opened feveral times, without any more 
changes of kind. 

A.M. 

A.M. balls open feven-tentfat of «n inch. 

A.M. — 2 o'clock P.M. a very black cloud 
paffed over the rod, by which it became 
very ftrongly eleclrified fpr a few mi- 
nutes only ; the bell rang brifldy. 

There has been much rain to-day, and the 
drops very large. The rod has been in 
high charge treat wart of the day. The I 
fparki at the brafs ball N were very pun- ft 
gent, not only fo, but alfo the air in the | 
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room, and the urrinfulated be!}, and other 
things, {hewed that they were electrified. 
The bell rang brifely at three interval* of 
time. This ltrong charge of the cod con- 
tinued fuH four hour?; and the electri- 
city, during that time, changed in kind 
ten times. Eight of them were gradual, 
two of them were quick and attended 
with jerks. I heard fome rumbling of 
thunder at a great diftance. At Dunwich, 
in Suffolk, this day, much lightning and 
thunder. 

A.M. 

Balls open nine-tenths of an inch. 

Weak figns ; balls not open. 

our o'clock P.M. a ftrong charge in the 
rod, but of (hort duration. 

The rod was in high chayge ten hours this 
day, except a few fmall intervals ; there 
were nine gradual changes of the elec- 
tricity, from negative to positive, and the 
contrary. The bell rang . very brifldy at 
three different times during that period. 
There were feveral mowers of rain, and 
one of hail; during the latter, the electric 
charge in the rod was moft intenfe ; the 
{parks darted between the ball and boll 
extremely fliarp and quick. I found the 
moifture in the air of the room was now 
electrified, alfo the bell* and its metallic 
connexion with the earth, and even the 
bricks in the wall to which the metal is 
faftened were all eledrified with an elec- 
tricity contrary to that in the infulated 
part of the apparatus. An electrician 
(who had often in vain called at myhoule 
to fee the apparatus in hiigh charge) placed 
hi* left hand on the bell, and with his 
finger of the right hand approached the 
ball Nj a denfe ipark ifiued to it, and he 
received a ftnart fhock in his arms and 
breaft, like that of the Leyden bottle. 
We then joined hands, and made the cir- 
cuit in the ufual way, between the boll 
and ball, and we bqth received a* fevere 
{hock. Much, lightning and thunder this 
day at Stirling and Dumfries^ in Scot- 
land, 

A.M. — And P.M. negative on ft fair of* 
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Auguft and September. 



Neg 
Neg 



Great part of the day. 

A,M. but very -weak in the afternoon* 

I 



Weak figns ; balls not open. 
A.M. a fcrene clear iky. 
v Only weak figns. 

P.M, from a fhower of rain, the drops of 
which were very large. The ele&ncity 
foon changed to pofitive. Though every 
circumftance was favourable for a ftrong 
electrification, yet the charge in the rod 
was but weak. My fufpicion led me to 
try the ftate of the uppermoft end of the 
rod, and 1 found it to be in a contrary 
ftate of eleftricity to that at the lower 
end of it; the miadle part of the rod was 
in its natural ftate, that is, (hewed no 
figns of being electrified; therefore the 
rod was only (at this time) influentially 
ele&rified. 
A.M. 

A.M. 2 o'clock P.M. a (hower of rain fell 
by which the charge in the rod became 
negative. 

In the forenoon. One o'clock P.M. rofe 
a ftrong gale of wind, I now faw thunder 
clouds forming at a great height. Half 
after five o'clock appearances we*e dread- 
ful ; in five minutes time the ftrong gale 
of wind became a ftorm from SE. This 
ftorm of wind (for there was but little 
rain) carried the large black clouds to the 
NW, and there I faw abundance of red 
lightning a little above the horizon, and 
I once neard a rumbling of thunder. 
The ele&ric ftate of the rod before the 
ftorm was pofitive, but by it was 
changed to negative, and continued fo 
during the whole time, but often varied 
in ftrength, fbmetimes weak, fometimes 
ftrong. At Amerfham, in Buckingham- 
fhire, and at the fame time at the Earl 
of Aylesford's park, near Packington, 
in* Warwickfhire, was a moft tremen- 
dous ftorm of hail, rain, lightning, and 
thunder from four to fix o'clock P. M. 
P.M. There were four gradual changes of 
the ele&ricity in two hours. 
P. M. There has been a little rain to- 
day- I 
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Pof. In the forenoon, and near fun-fet negative 

I by fome fmall rain. 
Pof. A.M. by the night bottle, and like wife by 
the roa the fame, but very weak. 



Only weak figns of electricity ; balls not 
open. 
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Neg 
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Neg 
Neg 
Neg 
Neg 
Neg 
Pof. 



Neg 



By the night bottle. 

/ Weak figns ; balls not open. A dark aU 
t mofphere. 

A.M. There were feveral heavy clouds 
paffed from the SW. by which the rod 
was highly charged with pofitive eleftri- 
city, The bell rang brifkly. This charge 
continued from a little before 1 1 o'clock 
A.M, to full fix o'clock P.M. during 
that time there were four gradual changes 
of eleitricity. 

By the night bottle, 

A.M. a more tranfient vifit of the eleftric 
fluid I never before faw, only while a 
fmall black cloud paffed over the rod, 
and let fall a few drops of rain; the 
whole time of the charge was about four 
minutes. 

A. M. by the night bottle. The elearifi. 
cation of the rod very weak. 

Weak figns ; balls not open. 

A.M. by the night bottle. Five o'clock 
P.M. the rod was ele&rffied negatively. 

By the night bottle, and the rod alfo. 



1 



The electrical charge in the rod has 
been very weak thefe eight days, 
only juft fufHcient to indicate the 
kind. 



A.M. by the night bottle, which was fuf- 
ficientlv charged to give a bright fpark 
on making the circuit. At noon iome 
rain fell, by which the rod became elec- 
trified negatively, and very ftrong, which 
lafted full four hours ; during that time, 
the electricity changed four times, which 
were all gradual. , 

A.M. Four o'clock P.M. the rod wai elee, 
trifled pofitively, and afterwards nega* 
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October and November, 



■4 



tively, with Orong fparks at the braf* 
ball N. r . , m 

A.M. but more intenfely pofttive in the 
after noon 1 the bell for a fhort time rang 
brifkly, alter that faintly, then Hopped, 
and the ekaridty changed to negative, 
which continued fo fome hours, then de- 
clined gradually to weak ugns only. 
A.M, by the night bottle. 
A.M.— And P.M. negative. 
A.M. —Three o'clock P.M. pofitiw, but 
much ftrcnger than in the morning. There 
has been to-day a cold Imali ram. ihe 
electricity changed lour limes in two 
hours. This day, at Whitehaven and 
Laricailei, wa* much lightning and thun- 
der, rain, hail, &c. 

Pot A.M. but in the afternoon a much ftronger 
pi ilk: ve charge* 

Fof. A.M. 

Pof, A.M. 

Pof. A.M, 

Pof. A.M, 



Fof. 
Pof. 



Pnf. 



Weak fign« ; ball not open* Park, hazy 
"* weather, 

A.M. juft Efficient £0 emit viable fparks, 
P.M. by mean* of a fog. . 

P.M. Bails open fix-tenth* or an men, _ 

I Weak figns. Ball* not open, 
A.M, 
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Weak Ggna of elearicity; WU not 
open, park, ha*y weather, and moiil 
air, tacte cigpt day*. 



P.M- by mean* oFa little cold rain. 
p!m, a very high north wind* 
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Only weak figns of !&■£*& **£l 

balls not open 
fphere, 



A dark cloudy atmo- 
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November. 



Neg 
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Pof. 



Neg 



A.M. by a mower of fleet, which for a 
(hort time occafioned the rod to emit 
bright fparks at the ball N. 

I A.M. by the night bottle. 

A.M. by means of a fog. 

A.M. 

P.M. This was obtained in the following 
manner. Soon after fun-fet I perceived 
a light-coloured dewy vapour arife 20 or 

ft inches above the ground in the park: 
e evening being ferene and fair, I ftood 
upon an infulated ftool, and waved my 
exploring rod among the dewy vapour, 
and with my finder touched a feasible 
electrometer, which inilantly opened 
with pofitive electricity*. As the even- 
ing advanced) a ftrong fog filled the air ; 
when it was of fufficient height for the 
hijjjh or fixe"d rod, this alfp became elec- 
trified with the fame kind of electricity 
which I had received near the earth': 
uirfaoe. 
i Weak figns only ; balls not open. 

Notwithftanding all my care and atten- 
tion to my pointed rod, it has this day 
been mtirely fruftrated ; for I have not 
perceived any figns of the eleftric fluid. 
However, it is the firft day that k has 
wholly failed me. A moift air has pre- 
vailed for many, days; and there have 
been fix hours drizzling rain to-day, 
which muft leffen the exac\nefs of the in- 
flation of the rod* and air alio* 

Weak frgns ; balls not open. 

A.M. fraali fparks were obtained (rmm the 
rod, the greateft part of this day. 



• When I find that the modfture in the air has fo far injured the in- 
flation of my high-pointed rod, that it will not retain a weak elee» 
tricky; in that cafe, I make ufe of a '{mall rod which I bold in my 
lhand, and whufc I foraetime* project through an upper window; 
ihaving firft warmed the ftool legs, I place myfelf upon it, &c. I find 
^his method to be 4 good fabftiutte in damp weather. A reprefenutiom 
#f the rod, and mode of ufmg it, may be fccn in fig. 2. 
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November and December. 



> A.M. by means of a fog. 

A.M. by the night bottle, which I found 
well charged. 

Weak figns only. 

No figns. This is the fecond failure. A 
moift atmofphere. 

From fog, vifible fparks were obtained 
during the greateft part of the day. 

A.M. by means of a fog. 

A.M. — And P.M. with fine fparks. 

At break of day. Afterwards pofkive, by 
means of a fog. 

All day, by a continued fog. 

All day. The fog ftill continues. I have 
obferved, during thefe three days and 
three nights (abating a little time for 
fleep, and which I curtailed .for fo noble 
a purpofe) a foggy vapour to be con- 
ftantly electrified positively. The pith 
balls diverged from a quarter to three 
quarters of an inch, except when the fog 
(which was generally moderate) fuddenly 
became thick and dark; then the balls 
would diverge near two inches ; at thofe 
times I received the eleftric fluid into 
bottles. This fog began ftrongly nega- 
tive. 

Nearly all day. The fog is entirely gone. 

Weak figns ; balls not open. 

P.M. A moift air to-day. 

All day (I mean 16 hours out of 24), the 
weather foggy. • 

> Weak figns ; balls not open. 

No figns of electricity. The third failure. 

A very moift air. 
A.M.- -A flight fag, 

P.M. - 

A.M. 

Weak figns ; balls not open. 
£ A.M.— And P.M. The weather ferene 
\ and fair* 
Weak figns. 

A.M. from a little rain. 
No fisns of ele&ricity. The fourth day's 

failvpe. 
P.M^a fmall fall of fnow, by which tfie 

rod was ftrongly electrified. 
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33 — 



Pof. 
Nee 
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Pof. 
Pof. 
PoC 
Pof. 




No figns of electricity, 
failure. 



The fifth day's 



A.M. a fine feTene morning, 

P.M. by fmall rain. On an increafe of 
rain, the electricity changed to poiitive. 

Weak figns. . 

No figns of electricity. The fixth day's 
failure. A very damp air. 

No figns. The feventh day's failure. ',A 
moift air. . 

Weak figns of electricity . 

At eight o'clock, A.Mw a fmall mower of 
rain, which was weakly electrified nega- 
tively^ a« the rain increafed, fo did the 
inteafity of the electric fluid, and after 
continuing for two hours* they both dif. 
appeared together. : 

A. M. by a ihower of rain. Ten o'clock 
P.Ak * fog ftrongly electrified pofittvely, 

Weak figns. * ' 

P.M. from a very thin fog. 

• Only weak figns of electricity, 

ioth A.M. and P.M 
All day. 

All the day, by means' of a fog. 
All the day, with bright fparks at fevcral 

intervals. 



All the day, with fine fparks. 
A.M. 



i ^ 



A.M. weather dry and foggy. 

Nearly all day in charge. 

A.M. Dalit open near one inch. 

A.M,~And P.M. 

P.M. 

Weak figns. 

A.M. 

A.M. by means of a fmall rain. 

A.M. 

A.M. weather very mild and fair. 

A.M. , 

A.M. in the afternoon, the fame. 

A.M. 

A.M. 

A.M. in the afternoon, the fame. 

All the day* from a fog.' The ftrength of 
the ele&ric charge in the rod was mucli 
governed by the occafional intenfity of the 
fog; for as one abated in ftrength fo did 
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January and February, 



the other, and the contrary. At ten 
o'clock P.M. I received bright fparks $% 
the ball N. * * 

Seven o'clock A.M[. I found the rod 
electrified, fufficiently ftrong to emit vi- 
able fparks, and often afterwards this 
day. 

A.&f. 

There was a moderate mower of rain this 
morning, by which the rod was electri- 
fied negatively. 

? A. M. balls open from two to feven tenths, 
\ of an inch. 

A. M. — At noon fell a fmall Tain, which 
was void of eleiftricity. Npar ten o'clopk 
P. M. there was a fupden flower of rain, 
ftrongly efedrifted negatively. 

P. 10. — A delightful clear fine day, but the 
a^mofpheric eje&ricjty was very weak till 
night tame on. 

A. $L— and B.»M« negative 



l Balls open from one to nine tentju of an 
' inch, weather fair and ferene. 



WUhviGble fparks. 

> Serene weather (till continues. 

Nearly all the day, with fine bright fparks. 

> Balls open from two to fix tenths of an 
v inch. 

A. M.— Small rain P. M. which did not 
occafion any change in the electric fluid. 

f Balls open half an inch, weather ftill fe- 
C rene. 

A. M.— A foggy day. 



\ 



Balls open from one to nine tenths of an 
inch, weather ftill mild. 



P. M.— I have often obferved that impetu- . 
ous winds leffen the intenfity of atmof- f 
pheric electricity in clear weather, which r 
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February and March. 



has been verified this day ; for not the 
leaft figrt of eleariciiy could be obtained 
from the rod till after fun-fet, at which 
time the high weft wind having fubfided, 
a little low vapour fprung up ; I then re- 
ceived the fluid in great plenty, and of the 
fame kind that it has continued to be for 
twenty-feven days paft. 



i Weakfigns : balls not open. 

A.M. 

A. M.— With yifible fparks. 

1 

VVer? mild ferene^eal!her> 

A. M.^Withvifible fparks. Still no change 
of kind. 

A. M. 

P. M. — A ftrong gale of wind has been pre- 
dominant to day. Thcatmofphere is ex- 

1 tremery dry ; the fun appeared bright all 

' day. No atmofpheric ele&ricity could 
* be obtained till near ten o'clock at nignt. 
This day, at Hallifax, a fall of Glow, ac- 
companied with a flafh of lightning and a 
clap of thunder. 

> A. fl*f . — Still moderate weather. 

A. M.— "-From nine o'clock P. M. to eleven 
theft; was a moderate fhbwer of rain, 
which was* electrified negatively. I have 
not till tlris perceived a" negative charge in 

, the rod fiiice January the 28th. * 
r A. M\— At thurfo, in Scotland, hall, light- 
ning, and thunder. * 

P. M; 

A. M.— Withvifible fparks. 

> A. M. — A very dry atmofphere. 

A. M. — There was ah hoar froft upon the 
gfafs this morning. 
A.M. 



A. M 1 .— Divergency of the pith balls 
from one to nine tenths of an inch. 
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March and April. 



: ioggy. 
A. M. — Not a beam of fun has appeared 



A. M. — From a fmall mower of rain. P.M. 

the electricity was pofitive. 
P. M. 
P. M.— The air a little foj 

L M.— N 

this day. 
A. M. — Balls half an inch open. 
A. M. , 
A. M.— With vifible fparks. 



Balls open from one to feven tenths of an 
inch. 



— Pof t 



/-Weak figns of electricity. This very 
, I weak ftatcof atmofpheric electricity has 

I not happened frace the 31ft of Decem- 
^ ber. There has been for many days a 

J ftrong eafterly dry wind, which feems 

I hitherto nearly void of the electric flu- 

L id. 

P. M. — From a fine mower of rain. 

A. M. — The rain continues, fo does its ne- 
gative ftate of electricity. 

A. M.— From,a little faU o£ (how. P. M. 
fome fnow mixed with sain, on which the 
rod became charged much more ftrongly 
pofitive. The rod has been charged full 
tour hours to-day. 

Weak figns ; balls not open. 

A. M.-—A moderate rain, but ftrongly elec- 
trified, and continued fo full two hours. 
There were two gradual changes of elec- 
tricity. 

A. M. — But after fun-fet the rod was electri- 
fied pofitively. 

Six o'clock A. M. a little rain fell. Half 
after eight o'clock, a great fall of fnow ; 
the rod now became ftrongly electrified 
pofitively. Denfe fparks were now receiv- 
ed at the ball N ; half after nine o'clock, 
the electricity changed to negative. 

I caught fome of the fnow in the apparatus 
mentioned the 20th of July in this journal, 
and I found it weakly electrified. 



— roi. 1 

— Pof. J 



I Divergency of the pith balls were from 
y a tenth to feven tenths of an inch. Fine 
I ferene weather. 
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April and May. 



A.M. 

A. M. — And P. M. negative from fmaH rain. 

Half pall nine o'clock A. M. A diftincl 
black cloud approached the rod, and fome 
heavy drops 01 rain fell; the elettricity of 
the rod then changed to negative. About 
half oaft three o'clock P. M. a very low 
cloud patted over the rod, and rained a lit- 
tie, by which the rod became ftrongly 
electrified pofitively. 

A. M. Five o'clock P. M. fell fome rain by 
which the rod was charged negatively. 

The divergency of the balls from two to 
fix tenths of an inch. Serene fine wea- 
ther. 

ine o'clock A. M. a fhower of rain ; the 
electricity now became negative. The rod 
has been electrified to-day from fix o'clock 
A. M. to ten o'clock P. M. and I fuppofe 
continued fo all night. 
) Divergency of the pith balls from three 
i to feven tenths of 'an inch. 

Lm. 

Six o'clock, A. M. Eight o'clock it rained, 
the ele&ricity now became ftrongly nega- 
tive, with fine fparks at the ball N. This 
fhower having ceafed, another foon follow- 
ed, which ele&rified the rod pofitively, 
The rod was charged 7 hours to-day. 
Every appearance at the rod to-day was 
"nearly as during the preceding day. 
""Balls open from one to five-tenths of an 
inch. Such weak figns of electricity, 
as have been obferved forthefe two days 
are the ufual effe&s of a very ftrong 
^ and dry wefterly wind ; and in general 
let a ftrong dry wind blow from what 
point of the compafs it may, it is at- 
tended with only weak figns of electri- 
city. 



The above-mentioned eighth day of May completes this 

Journal of one whole year, which I give to the curious in 

' Atmofpheric Electricity as a faithful narrative of faQs, 

having never once deputed another perfon to make obfer- 

vations for me. JO*HN READ. 
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A Monthly Account of Electrical Sparks, and of Pofitive anZ . 
Negative Eleclricity^ as indicated by the Pith-ball Eleclro- 
meter, and fometimes by only Flaxen Threads without Balls 
to them* 

Number of days in each 
month in which Sparks 
were perceived* 

Times Times Days. 

June Pof. 32 Neg. 36 12 



July 


Pof. 13 


Neg. 


22 


12 


Auguft 


Pof. 19 


Neg. 


*9 
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September 


Pof. 9 


Neg. 


2 3 
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Oaober 


Pof. 17 


Neg. 


7 
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November 


Pof. 12 


Neg. 
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December 


Pof. 12 


Neg. 


6 
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January 


Pof. 26 


Neg. 
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*3 


February 


Pof. 26 


Neg. 
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March 


Pof. 30 


Neg. 


1 


3 


April 


Pof. 28 


Neg. 


12 


8 



*4* . *5$ 9* 

It appears from thjs Journal, that there were orAy fevers 
days throughout the year in which no %ns of electricity 
were perceived; viz. the r^th and 23d of November,, and 
tile 6tfr, r5tfo> 17th, 21ft, and 22d of December- 

Remark* on the P henom ena exhibited by the Rod on ihi 
31/? cf Jugufi. 

1 was for a long time extremely puzzled to account fof 
the rapid changes which the pith-balls- oivfome days fo 
frequently exhibited; being pofitiveone minute, then ne- 
gative 
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gative for another, and the next returning again to pofi-* 
' tive. From often confidering tjus apparently whimfical 
changeablenefc in nature, I was at length induced to fuf- 
s* ; pe#, what indeed was afterwards confirmed by aftual 
* v experiment, Wz« that fome of thefe changes are only ap-» 

parent, and not real, they being oceafioned not by the ac* 
tual communication of a different fort: of ele&ricity, but 
merely by the a£tion of ele&rkal atmofpheres; thus, when, 
an ele&rified cloud comes within a certain diftance of the 
rod, and before it comes near enough to impart to it ibme 
pf its own ele&ricity, the electrical atmofphere of the for-* 
tner, agreeably to the well known laws of eleftricfcy, will 
difturb the ele&ric fluid naturally belonging to the rod, and 
will confequently occafion feveral apparent changes in the 
eleflrometer; which changes an unexperienced obierver 
would attribute entirely to the change of ele&ricity in the 
clouds. 

This obfervation was evidently confirmed by thephseno* 
mena obferved on the 31ft of Auguftj and thence it ap- 
pears, that the real number of changes from pofitive to 
negative, or from negative to pofitive eleQricity, cannot 
be fo great as it is {hewn by the ele&rometer affixed to the 
rod, 

I beg leave to add, that I have not the leaft doubt but 
that every cloud is in an ele£tric ftate, at all times, and in 
all the feafons of a year ; and that the ele&ricity of the 
clouds is the principal caufe of their fufpenfion in the at- 
mofphere. For however varied in kind their corpufcles 
may. happen to be, of which the clouds confift, yet, every 

particle 
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particle of thofe aerial meteors will attract and abforb eleC* 
tricity, and the ele&ricity having no weight of its own, 
muft by its well known repulfive force tend to fupport and 
keep up their rare ftate. When'a cloud approaches my 
high pointed rod, which cloud we will fuppofe is elec- 
trified pofitively, the upper end of the rod will become 
electrified negatively and the lower end pofitively, by its 
own electricity, as before obferved ; and when the main 
force of the cloud has patted the zenith, a change of kind 
will take place, for the eleflric figns in the rod will now 
be the reverfe of thofe on its approach to it; fo that if ten 
fuch clouds fhoulc^pafs over the rod in the fpace of one day> 
the pith-balls affixed to it would indicate ten changes of the 
ele&ricity, notwithftanding the eleflric ftate of the ten 
clouds was invariably of one kind. It is fcarcely needful 
,to obferve, that if the ten clouds had been eleftrified ne- 
gatively, the fame number of apparent changes would have 
happened. 

I cannot help lamenting with Signor Beccaria, that 
there are fo few high pointed rods ere&ed to afcqrtain the 
ele&rical ftate of the earth and atmofphere at all times \ 
but more particularly during thunder ftorms. If there had 
been pointed rods, for inftance, at Whitehaven and Lan- 
cafter on the 6th of Oftober, and well attended to at the 
time of the ftorm of lightning and thunder, which hap- 
pened at both places nearly at the fame time, it would then 
have been known, whether the apparatus might not be po- 
fitive at one place when it is negative at the other. 



< 
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The Second Year's Journal, continued from the cn& 
of the Firjl. Read before the Royal Society} 
April 26, 1792. 
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May, 1790. 



A clear fine morning. One o'clock P. M.' 
a fudden Ihower of rain fell; the pith balls 
O, connected with the lower end of the 
rod, were now charged negatively, and in- 
Creafed in ftrength as the rain came on; in 
a (horttime the electricity changed to pofi- 
tive. Five o'clock, the electricity changed 
again to negative, I then heard fome diftant 
rumbling of thunder. This day there was 
fome lightning at Hertford. 

A. M. iky very cloudy, and fome (mail 
rain falls. 

Strong gales of wind; and a weak electri- 
city. 

M. weather ferene. 

A. M. a clear iky. Some lightning at Bifhop- 
Stortford. 

Half after nine o'clock A. M. fell a little 
rain; as it increafed fo did the electric 
charge in the rod, infomuch that it ftreamed 
forth from thebrafe ball N for a fhort time. 

Six o'clock A. M.— One o'clock P. M. i 
low black Iky, by which the charge in the 
rod became negative, with fparks; after 
continuing fo one hour, the electricity 
changed again to pofitivc. The rod has been 
in charge 16 hours this day; how much 
more I cannot fay. 

A. M.— At four o'clock P. M. fell a mild 
rain, void of the electric fluid*. At five 
o'clock the rain fell more copioufly, and it 
was ftrangly charged with negative electri- 
city. 

Early this morning 1 found the humidity of 
the air electrified negatively. At ten o'clock 
the electricity became more intenfe, fo as 



•My meaning is "void" of electric figns by fuch means as were then 
employed to obtain it; for rain is never totally void of electricity. 

i. 
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tp *»«t fmall fparks: in half an hour's 
time there were four beautiful gradual chang- 
es of ele&ricity. Afterwards the rod re- 
mained negative two hours. Three o'clock 
P. M. the electricity changed, and continu- 
ed near three hours potitive. After this S 
low black cloud patted over the rod, and let 
fall a few drops of rain mixed with hail; 
the rod was now highly charged pofitively, 
and the bell rang bnfkly, but foon Hooped* 
while the electricity changed to a ftrong 
negative; then it rang again for about ten 
minutes* after which all figns of electricity 
ceafed in the rod. Afterwards, the rod be- 
came rather ftrongly charged for the fpace 
of two hours, and changed once in that 
timcv During this high charge of the rod, 
the bell, (which is connected by metal with 
the moift ground) was in a contrary ftate of 
eleftricity to that of the infulated part of 
the apparatus; and alfo the air in the room, 
the window-fhutter neareft the bell, and 
even the bricks in the wall, were all elec- 
trified fumciently to indicate the kind. 

A. M. by the night bottle, which had been 
charged while I flept. Four o'clock P. M. 
a low cloud approached the rod, and drop- 
ped a little ram, by whfch it became elec- 
trified ftrongly negative. This electrifica- 
tion of the roa lafted near four hours, and 
changed three times in kind. 

A.M.— One o'clock P. M. wind S, a fmall 
rain fell, and the air being very moift, has 
leffcned confiderably the infulation of the 
rod* 

The air is dry to-day, but the clouds are very 
high. 

Six, o'clock A. M. Nine o'clock fame rain 
fell, which increafed the negative charge 
in the rod. The rain now falls more copi- 
oufly, and the balls clofe and open gradu- 
ally with pofitive electricity, which was 
rather ftrong for a fliort time. The balls 
again gradually clofe and open, without 
change of kind. The rod has been ele&rn 
Bed near 14 hours this day. In the morn- 
ing of to-day, at Lewes in Sufiex, much 
lightning and thunder. 

A. M. A moift air, and wet morning. 

A dark cloudy morning. Three o'clock 
P. M. on the Approach of a frcayy dark 
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May and June. 



cloud, a few drops of rain fell, by which 
the rod became electrified pofitively; the 
pith balls foon opened full four inches, and 
by and by the tell began to ring flowly. 
Two gentlemen fortunately being prefent, 
and much delighted with the fight, by my 
defire joined hands with me to make the 
circuit between the bell and brafs ball N, 
and on taking a fpark at the brafs ball, we 
all received a fmartlhock through our arms 
and breafts. The wind is now S. with a 
heavy fall of rain; and the bell (as ufualV 
ceafes to ring while the electricity changed 
to negative ; then rings again brifkly. The 
electricity gradually changed twice after 
this, and ended negative. Thefe feveral 
phenomena took up the fpace of one hour. 
A. M. with fmall rain. In the afternoon 
pofitive. Near midnight London was vifi- 
ted by vivid darts of lightning, and repeated 
claps of thunder, extremely awful and ter- 
rific at that time of night. I was in bed, 
and awaked out of flecp by it. 
By the night bottle. A heavy thick air 
Seven o'clock P. M. pofitive with fmall 
fparks. Nine o'clock, fell a heavy mower 
of rain; its electricity was negative. 
A. M.-«ndP. M. 
At feven o'clock A. M. the weather (bowery 
and tho electricity rather ftrong, but often 
changing in kind. Seven o'clock P. M. 
one uniform black cloud darkens the air 
(yet the fun^ mines in the weftjj by and by 
a heavy rain fell, by which the rod became 
very ftrongly electrified pofitively, and the 
bell rings briikly, and the pith balls are 
agitated with Hidden jerks; the rain foon 
abated, and its electricity became nega- 
tive. Thefe operations of nature lafted 
only 3$ minutes; during that time, the 
electricity was four times pofitive, and five 
times negative; and thefe feveral changes 
were all gradual. ° 

The weather, and the electricity of the at- 
mofphere have been this day nearly the 
fame as on the preceding one. 



J 



^Serene fine weather, thefe five dayi. 
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A. M. Two o'clock. P. M. the Iky ftill clear; 
yet the electricity of the rod became nega- 
tive, and continued fo two hours. During 
this time, the rod was only electrified with 
its own electricity, or what has been termed 
influentially electrified ; for I found by try- 
ing both extremities of the rod, that they 
were in contrary dates of electricity. 

A. M. A warm moift air. 

A. M. Some mizzling rain, 

A. M. 

A cloudy morning. Half after one o'clock 
P. M. the electric charge in the rod became 
negative. In a fhort time after, fome rain 
fell, and the electricity again became pofi- 
tive, and very ftrong; the bell now rang 
(lowly, and ioon flopped; the pith balls 
defect and opened negative, and continued 
fo a full hour : the balls exhibited one hid- 
den jerk during that time. This latter 
charge of the rod lafted two hours. During 
the paffage of a cloud over the rod, in the 
morning of to-day, I found it influentially 
eledrified. 

The weather ferene and clear. The elec- 
tricity varying between null and the balls 
feven-tenths of an inch open. 

After a courfe of clear ferene weather, this 
day has been dark, and hazy. N iae o'clock 
P. M. wind S, a prodigious large cloud ap- 
proached the rod, and a little rain fell, yet 
there were no (igns of electricity in the rod. 
In a few minutes after this, I wasfurprifed 
by hearine the bell ring j I ran to the appa- 
ratus, ana found it highly charged nega- 
tively. When the main bulk of the cloud 
arrived over the rod, its electricity changed 
to a ftrong poiitive; and in a quarter of an 
hour, the rain and electricity all ceafed to- 
gether. This day, in the evening, at Wol- 
verhampton, fell a heavy rain, accompanied 
with lightning and thunder. 

A. M.— and P. M. 

A dark cloudy morning. *The electricity 
pofitive at five o'clock P. M. 
> Weather very hot, and a weak electricity, 
) thefe two days. 
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A. M. Serene hot weather. Near fun-fet 
the wind W, where heavy black clouds were 
forming, their upper border about »§ de- 
grees above the horizon. The lightning 
named among thefe weftern clouds from 
nine to eleven o'clock. But there being 
neither clouds nor low vapour near the rod, 
it was not affe&ed thereby, In the evening 
of this day at Salifbury, tell a very fevere 
ilorm of hail, rain, lightning, and thunder. 

A. M. 

A. M. — The iky has been overcaft all day, 
and two or three times fell a little rain, 
driven by a ftrong wind, which afforded a 
weak cle&ricity. 

At fix o'clock A. M. Near eleven o'clock a 
mower of rain fell, ftrongly negative. At 
the fame time, in a lower stratum of 
air, the hand exploring rod was electrified 
positively. Abundance of fmall white 
clouds patted over the rod, which kept the 
pith balls continually clofing and opening, 
with negative electricity. Eight o'clock 
P. M. fome heavy drops of rain fell; the 
rod now became very ftrongly electrified; 
the bell rang flowly, and foon {lopped, 
while the ele&ricity changed to a ftrong 
pofitive, then rang again more bnfkly and. 
for a longer time. After this there were 
two more gradual changes of ele&ricity. 

The weather, and atmofpheric electricity, 
have been this day nearly the fame as on the 
preceding one; only the operations in the: 
rod have been more powerful. For during 
one charge of the rod to-day, I counted 
about forty denfe fparks, which fpontane- 
oufly ftrucfc between the bell and brafs ball 
N in quick fucceflion. Thefe fparks were 
about two inches long. 

A. M. Four o'clock P. .M. I faw heavy 
clouds forming; and as they came nearer 
and nearer, the rod became more power- 
fully ele&rified with negative electricity. 
It now began to rain, by which the rod be- 
came intenfely electrified indeed; many 

denfe fparks now ftruck through the air, 
between the bell and brafiball N, with a 
loud report for fo fmall an opening of two 
inches only. There were fix changes of 
eledricity in two hours. 
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June and July. 



Mild foggY weather; and the fog mode- 
rately electrified. 

. M. — Negative P. M. with fmall fparks. 

A. M. Half after twelve o'clock P. M. a 
fudden guft of wind fprung up, followed 
by a fliower of rain, which electrified the 
rod pofitively, fufficient to emit (mall 
fparks ; which foon afterwards became ne- 
gative. Near four o'clock P. M. a very 
large black cloud paifed over the rod, and 
let fall a little rain mixed with hail, by 
which the rod became highly electrified ne- 
gatively : the bell now rang brifkiy, untill 
a flafh of lightning and inftant crack of 
thunder happened, which occasioned a fud- 
den change in the electricity to pofitive 
then the bell (truck up again as brifle as 
before. The rod has beep charged ten hours 
without intermiflion this day. 

A. M. A cloudy atmofphere, but fair. 

A. M. Dull heavy weather. 

This day has been ihowcry and funfhine by 
turns. The rod has been rather ftrongly 
electrified, and there have been four gra- 
dual changes of electricity. One charge 
lafted full five hours, and the bell rang 
brilkly. 

S Strong gales of wind with rain, and a 
weak electricity thefe two days. 

A,M, 

A. M. A thick moift air. 

A, M, Near five o'clock P. M. there was 
a fine (bower of rain, by which the rod 
firft became electrified negatively, and after- 
wards pofitively, with fparks. Thefe two 
charges lafted five hours. 

Half after ten o'clock A. M. large dark clouds 
frequently paffed over the rod, by which 
it became electrified negatively. When 
they paffed fomewhat nearer, and difmiffed 
fome large drops of rain, the rod then be- 
came highly charged, and the bell rang 
brifkiy, ana continued its ringing near half 
an hour. The pith balls *rere very much 
agitated, fometimes with a pendulous mo- 
tion, then darted clofer or wider afunder 
feveral times. But the moft extraordinary ' 
phenomenon of to-day is, that the rod con- 
tinued ten hours electrified negatively, with- 
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July and Auguft. 



out change of kind: during that time the 
pith balls never clofed. 

The operations in the rod to-day and yefter- 
day, when compared, appear to have but 
little refemblance. This day the ele&ricity 
has changed four times, and the bell rang 
briflcly for a minute or two between each 
change of ele&ricity. 

Two o'clock P. M. the wind S. A fudden 
(bower of rain fell, by which the rod be- 
came electrified pofitively, but foon changed 
to negative. The bell now rang weakly- 
one minute, and then flopped while the 
electricity changed to pofitive, which foon 
changed again to negative. The ele&ricity 
and the weather have been much varied to- 
day. At New-Mills, in Scotland, tome 
lightning and thunder. 

The_ weather this day has been rather more 
varied than yefteraay, with a continued 
fucceflion of mowers and funlhine: and 
the atmofpheric ele&ricity has been confi- 
derably more intenfe, and conftanL. There 
have been five gradual changes of ele&ricity; 
between four of thofe changes, the bell 
rang briflcly. The pith balls alfo exhibited 
fome of their curious agitations ; one jerk in 
particular was fo very quick and powerful, 
that the halls were near ftriking each other. 
In a few minutes after this, I heard diftant 
thunder. At Burwafh, in SufTex, this day 
a temped of rain, lightning, and thunder. 



The Weather Ihefe 19 days has been ge- 
nerally moderate ; and the ele&ricity of 
. the atmofphere has been only what is 
* common tor ferene weather, at no time 
fufficiently ftrong to afford vifible 
fparks. 
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A heavy cloudy morning, but fair. Half 
after one o'clock A. M. a fmart fhower of 
rain fell, by whicli the tod became highly 
charged with negative electricity} when the 
cloud was fully over the rod, the electricity 
changed to pofitive; and when it had pitted 
the zenith, the electricity changed again to 
negative 

^Serene weather, and a weak electricity, 
thefe four days* 

_ heavy cloudy morning, but fair. The 

electricity of the attnolphere has been fo 

. weak to-day, that none could be obtained 

tfll after fun-fet. 

Pof. A. A 

Pof. 

£?5 I Serene weather: the pith balls varying 
pi* y between null and thrcc-ouartera of an 

Pof. I i** !** 

Pof. J _ 

Pof. There have been feveral fmall mowers of 
rain this day, fome of them not fenfibly 
electrified, others were weakly pofitive, but 
which I could not diftineuifh from the 
common electricity of lerene weather, 
which has prevailed a long time. 

f Serene weather ^divergency of thepithballa 
^ from one to feven-tenths of an inch, 

\. M. Tive o'clock P. M, fell fome large 
drops of rain, by which the rod was highly 
charged pofitiveiy; the bell rang brifkly 
about five minutes, then ftopped, and the 
electricity of the rod became negative* 
The rain now ceafed, the fky cleared up 
and the electric charge in the rod decreafea 
confidently* and ended as it begun, po- 
fitive. 

I Dark cloudy weather, and a very moift 
r air, attended with a weak electricity, 

This day has been very mowery, yet only 
one (hower was ftrongly electrified, 
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A ugu ft and Sept. 1790* 



vSerenc weather, and a tonftant ekftri- 
. city thefe five days. 

A. M. In the afternoon, there wai a thick 
dark Iky, with fmall rain, and a ftrong 
wind. On an increafe of rain, the elec- 
tricity became negative, with fmall fparks. 
When the rain abated, the electricity 
changed to pofitive, and continued fo. 

A. M. Near one o'clock P. M. the electric 
charge in the rod was negative. I then 
faw thunder-clouds forming in the fouth, 
and in the north. Some large drops of 
rain now fell, by which the charge in the 
rod became very ftrong; the bell now 
rings faintly, ana the pith balls exhibit 
their waving motion, and fometimes fud- 
den jerks. The diftm& thunder-cloud, 
which was in the north, is now gone by 
the weft into the fouth, during which the 
charge in the rod became weaker and 
weaker, until it ended as it began, nega- 
tive. This electric charge of the rod con- 
tinued near one hour and a half. 

A.M. One o'clock. P.M» wind NW. 
Thin white clouds have been palling over 
the rod ; but a diftinct black one is now 
approaching, and fome rain falls, mixed 
with hail; the rod is now highly charged 
with pofitive electricity; the bell rings 
loud, and a long time i and, as the fliower 
abated, fo did the ftrength of the electric 
charge abate in the rod. This charge laft- 
ed near three hours, without change of 
kind. 

A quarter before three o'clock P. M. fome 
rain fell, by which the rod became mo- 
derately charged pofitively, but foon 
changed to a weaker negative. There 
were two more gradual changes of eleftri- 
city within the fpace of one hour. 

Three o'clock P. M. a large dark cloud 
palled over the rod with drizzling rain; 
its electricity was negative; the bell rang 
weakly. Tne electric charge from this 
cloud began, continued, ana ended, ne- 
gative. 

A. M. by the night bottle. Two o'clock 
P. M. a dark cloud, with drizzling rain; 



M 



13* 



Meteorological Journal 



8 N 

9'sw 

10NW 
SW 



16 



M 



SW 

w 

s 

SW 



3°* § 
30. 8 
30. 
30. t 
30.10 

3 °'o 

29.84 
29.80 



w 



18 



*-* 



Inch. 



3°- 



H,# 



58,- 

66 S 



Pof. 
Pof. 
Pof. 
Pof. 
Pof. 
Pof. 
Pof. 
Ppf. 



55'S. 



W 30.28 



SW 



30.10 



5G 



54 



S. 



Pof. 



Pof. 



Pof. 



September. 



patted over the rod, by which it was elec- 
trified pofitively, with fparks; and ended 
negative. 



Moderate fine weather, and a weak 
electricity, thefe feven days. 



The rod has been electrified pofitively near- 
ly all this day. At five o'clock P. M. an 
awful darknefs covered the heavens, until 
near fix o'clock, fucceeded by a drizzling 
rain, from which I could not obtain (in 
my common way) any electric fluid : but 
when the dark cloud became broken, and 
no rain fell, I then obtained vifible fparks 
at the ball N, which continued until I 
went to bed ; and feemed to indicate that 
it would remain fo all night, as the night 
was perfe&ly ferene, and clear moonlight. 
Five o'clock this morning, I found the rod 
charged pofitive, but not quite fo ftrong 
as when I left it laft night; and it gradu- 
ally went off by nine o'clock, and re- 
turned again into the rod at near four 
o'clock P. M. from which time the elec- 
tric fluid gradually increafed with the 
cqol of the- evening, until vifible fparks ap- 
peare4 at the brafs ball N. In this ftate 
of intenfity I left it at near eleven o'clock. 
This morning, a little after five o'clock, I 
found the rod rather ftronger charged with 
the fame kind of ele&ricity than when I 
left it laft night; and I have no doubt but 
it has been electrified all night. The pith 
balls have never clofed this day : their di- 
vergency has been between half an inch 
and two inches open. Weather ferene. 
Five o'clock A. M. I found the rod electri- 
fied pofitively, and nearly of the fame in- 
tenfity it was in when I left it laft night ; 
that is, to fay, capable of emitting fmall 
fparks. The atmofphere this morning is 
perfectly ferene. There is a dew, or low 
fog, about five or fix feet high, fpread 
pver the ground in Hyde-park, very 
beautiful to look upon from an upper 
window. For the Ipace of two hours, 
this vapour gradually increafed, and af-, 
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cended higher and hijeh&r, until it quite* 

intercepted the tree* from my fight, and 

became a pale wet fog} which very much 
injured the infulation of the rod : for dur- 
ing its incfreafe in height* the electricity of 
the rod decreafed, iniomuch, that I had al- 
moft concluded that the pith balls touched 
each other. But during tnis (hort fufpenfc 
the fun rofe higher, and diminifhed the 
fog very faft; ana the electricity in the rod 
toon incr'eafed to its former ftrength ; and 
To continued all day. 

Five o'clock, A.M. I found the rod elec- 
trified pofitively, but rather weaker than 
when I left it laft night. The weather this 
day has been nearly the fame with that of 
the preceding one; only the fdg began 
later, and continued longer. The^rod has 
been electrified all this day. 

Near fix o'clock, A. M. I fdund the rod 
electrified, but very weak, barely fufficient 
to indicate the kind, and it remained fo 
till near three o'clock P, M. iThe pith 
balls now clofed (which I fuppote has not 
happened before during the fpace of 92 
hours) and opened -negatived A heavy 
Cloud from the NNW now approaches the 
rod, and a little rain falls, by which the 
rod Is highly electrified negatively, and the 
bell rings brifkiy ; the pith balls diverge 
to their utmoft limit, and exhibit their 

.waving pendulous motion; thefe opera- 
tions took up about one hour. The rod 
continued electrified negatively in a lefs 
degree the reft of the day. 

By the night bottle. The electricity in tile 
rod barely fenfible. 

The pith balls have not clofed this day. 
The weather ferene* 

This morning, a quarter before fixvo'clock, 
1 found thd electric tiharge ia the tod 
much weaker than when I left it laft 
night ; which I afterwards* found had 
been occafioned by a fpider fixing its 
web frord the roa to the wall of the 
houfe; for when the web was removed, 
the intenfity of the electrical charge was- 
foon in'creafed. 

5 Dark cloudy weather, and a ftrong wind 
thefe. two days. 
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September and October* 



Between fix and feven o'clock this morn* 
ing, I found the pith balls quite clofed 3 
nor would they even ftick to my finger 
when I touched them. At this inftant 
there was a vifible dewy vapour fpread 
over the ground in Hyde-park : I exa- 
mined it with my hand exploring rod, 
and quickly charged an electrometer fuf- 
ficient to afcertain the kind, which was 
pofitive. I now fufpe&ed my daily ene- 
mies the fpiders; I therefore went' upon 
the roof ot the houfe with my long broom 
in my hand, and gently fwept the rod 
down; on examining the broom, I found 
a fpider's web entangled in the feathers. X 
then went down to the apparatus, and 
found the pith balls a quarter of an inch 
open pofitive, which gradually increafed, 
even to vifible fparks. 

Six o'clock, A.M. I found the ele&ric 
charge in the rod much weaker than when 
I left it laft night. Neverthelefs, when 
the fun eot up a little above the horizon, 
the rod became ftronger electrified. The 
pith balls never clofca this day. 

The operations of the rod today have been 
nearly the fame with the preceding one. 

This morning, a little before fix o'clock, I 
found the pith balls clofed. Atmofpheric 
electricity has been more variable during 
a large part of this day than for many; 
fometimes quite null, then weak, or ftrong 
by turns, until' three o'clock P. M. when 
it again became conflant during the re- 
mainder of the day. 

Six o'clock, A. M. I found the pith balls 
open full three quarters of an inch pofi- 
tive, and they continued open all day. 
Their lead divergency (as ufual) about 
mid-day. The weather ftill thick and 
dark in the forenoon; and clear ferene 
weather in the afternoon. 

Six o'clock, A. M. I found the pith balls 
opened near one inch and a quarter; and 
they never clofed . this day. Their leaft 
divergency, as ufual, was about mid-day, 
and their- greateft was near midnight. 
Weather ferene. 

Six o'clock, A.M. I found the pith balls 
nearly clofed, and the ftate of the air moaft 
and foggy. Half after feven o'clock, thfc 
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balls opened a little wider,, and continued 
to increafe in ftrength, fo that between 
eleven and twelve o'clock, their diver- 
gency was full three inches. I faw no- 
thing in particular to occasion it ; ?nd I 
thought it was above the intenfity of com- 
mon ferene .weather. I faw indeed a dark 
cloud, but it was at .a very great height. 
However, this electric charge continued in 
the rod until feven o'clock P. M. when a 
Aiower of rain fell, and the pith balls now 
clofed, and opened negative: a fact that 
had not happened for eight day&> After 
the rain had ceafed, the electricity again 
became pofitive. 

A wet morning, the air moift, and a weak 
electricity. 

A very moift air. Half after ten o'clock, 

fell a very heavy rain, which continued 

three hours. Its electricity was pofitive, 

but not ftrong. 

A foggy damp morning. The rod has 

been electrified nearly all day. 
A heavy cloudy morning. Two o'clock 
P* M. the clouds float in the air lower than 
in the morning; and the rod is electrified 
negatively. Four o'clock, a heavy black 
cloud paffed ihe rod, by which it was 
ftrorigly electrified, but ftill negative, and 
continued fo a full hour. During this 
time there were feveral fudden jerks ex- 
hibited by the pith balls. Near fun-fet, 
the balls clofed, and opened pofitive, and 
remained fo. In the eaft part of Kent, 
fame lightning and thunder this day. 
A> M. the weather mild and fair. 
By the night bottle : — by the rod pofitive. 
A. M. Perfectly fine weather. 
Hie electricity conftant this day. 
The rod electrified all this day. 
A little after fix o'clock, A.M. I found the 
rod electrified^ but rather weaker than 
when I left it laft night. The weather 
cloudy, with a thick moift air. One 
o'clock P. M. fell a fudden Aiower of rain ; 
the ekftricity now changed to negative, 
with fmsll fparks. 

A little after fix o'clock A. M. I found the 
rod electrified pofitively. A warm miz- 
zling rain and moift air. Ten o'clock 
P. M. balls open two inches. 
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Six o'clock A. M. balls open half an inch 
pofitive. 

A.M. Fair weather, and ftrong gales of 
wind. 

Six o'clock A. M. balls three-tenths of an 
inch open. The pith balls have not been 
unelectrified this day* 
During a continuance of moderate weather, 
I have frequently observed that the atmo- 
fpherical electricity has periods of increafe 
and decreafe of quantity, which are tolera- 
bly regular; I mall therefore be accurate 
in my account of this day's variation, as it 
may ferve for an example of reference to 
many other days when fimilar appearances 
took place. When I left the rddlaft night* 
the pith balls were one inch open, pofi- 
tive. Six o'clock this morning, I found 
them three-tenths of an inch open, pofitive, 
and foon after this I perceived them to 
open wider and wider, fo that a little be- 
fore nine o'clock, the pith balls were fta- 
tionary at near two inches open. But as 
the fun advanced towards the meridian, 
the eleftric charge in the rod decreafed; 
and it was only poffeffed of various de- 
grees of a weak mtenfity until four o'clock 
P. Mi : the pith balls were then only two- 
tenths of an inch open. Half an hour after 
four o'clock, they began to increafe their 
divergency which gradually held on till 
a little after feven o'clock, when they again 
became ftationary at full two inches open} 
a little after eight o'clock, they began to 
decreafe; nine o'clock, they were one inch 
and a quarter open ; near eleven o'clock, 1 
left them at a bare inch open* 
Six o'clock, pith balls two-tenths of an inch 
open, pofitive. A dark cloudy morning; 
One o'clock P. M. fome rain tell, yet the 
ele&ric charge in the tod was pofitive, 
Near three o'clock, the fall of rain fudden- 
ly increafed, fo did the elettric charge in 
the rod J and at the fame time changed to 
negative, with fparks; and after this end- 
ed pofitive. 

The rod has not been unele&rified this 
day : and the fads and appearances have 
been nearly like thofe of the 17th in 
ftant. 
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October and November. 



The operations of the ele&ricity in the rod 
to-day have been nearly the fame with 
thofe of the 1 7th inftant. 

The ele&ric charge in the rod has been 
conftant this day ; and for particulars may 
juftly be referred to the 17th inftant. 
4. M. The pith balls clofed and opened, 
without change of kind, feveral times this 
day : and they have been very irregular 
when compared with many of the pre- 
ceding. A thin wet fog has prevailed all 
this day. 

A.M. Four o'clock P. M, fell a mizzling 
warm rain, by which the rod became elec- 
trified negatively, and emitted fmall fparks. 
When the rain was over, -the rod was elec- 
trified pofitively, and it continued fo. 

The rod has been conftantly ele&rified 
this day, and has been ftri&ly periodical. 
See 17th inftant. 

The fame as the preceding day. 

The operations of the ele&ric fluid in the 
rod this day have been .nearly amilar to 
thofe of the 17th inftant, 

fc Dark moift air, but fair, and fome briflc 
gales of wind, thefe four days. 

he thick eafterly wind is now over-ruled 
by a clear northerly one ; and the ele&ri- 
ncation of the roa this day has been of 
the periodical kind. The pith balls never 
clofed. 

Near fix o'clock A. M. I found the pith 
balls open one inch and a quarter, pofi- 
tive; which is rather lefs than when I 
left them laft night. Half an hour after 
ten o'clock, fell a heavy ftiower of rain : 
the pith balls now clofed, and foon opened 
negative, which, with the rain, continued 
the reft of the day. 

P. M. fair weather. 

From a continued rain of four hours. 

Nearly all day, but ftrongeft after funfet. 

A. M. — and r. M. A cloudy atmofphere. 

The ele&ricity of the atmofphere this day 
has been fo weak, that I have been o- 
bliged to content myfelf with obtaining 
the kind by a pair of flaxen threads, 
without balls to them. The weather 
warm and (bowery. 
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f The operations in the rod, thefe two 
< days, have been of the periodical kind. 
( See ^thofOftober. 
Pith balls not open this day. The kind 
was obtained by flaxen threads without 
balls to them. A raoift air. 



Sharp dark weather, thefe nine days t 
with a dry eafterly wind ; and a weak 
electricity. 



The fevere eafterly wind is now gone, and 
a more intenfe atmofpheric electricity is 
returned. Nine o'clock A. M. a large 
black cloud pafled over the rod, and a 
moderate mower of rain fell, by which 
the rod was rather ftrongly electrified ne- 
gatively. This lhower laflcd one hour; 
and near the middle of it, the electricity 
changed to a ftrong pofitive; after this, 
the electricity ended as it had begun, ne- 
gative. 

By the night bottle. Half an hour after 
two o'clock P. M. fell fome rain, and the 
rod became electrified negatively. At 
Calftock, in Cornwall, in the evening 
of this day, much lightning and thun- 
der. 

Half an hour after mid-day, fell a moderate 
lhower of rain, attenaed with a great 
darknefs. The rod now became rather 
ftrongly electrified negatively; and the 
bell rang weakly. There were after this 
feveral ihowers, which only gave a weak 
pofitive electricity; except one, which fell 
at ten o'clock at night; this indeed was 
ftrongly pofitive. At eleven o'clock this 
night, both at London and Portfmouth* 
there was much lightning and thunder. 
And alfo, at the fame time, at Salifbury, 
where it appeared to roll along the ground 
like a body of liquid fire* 

A. M. The weather fhowery. 

P. M. A foggy moift air. 

A.M. and P.M. 

P. M. Weather fhowery. 
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Atmofyberic electricity, thefe four days* 
has been governed by its periodical 
, laws. The weather very mild* 
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1 laws, 
from a fall of fnow* 



There has been very moderate weather 
V , thefe 12 days, Tne pith balls tiavtf 
P been variable, between nyll, and nfcarryl 
one inch open* I 



-~ Pot.! A.M. 



There fcas been a cdnftant drizzling rainj 
with a ftrong gale of wind, from early iri 
the morning to feven o'clock P. M. ; the 
wind then became a .ftorm. The rod: 
fcad been null to this time, but now gave 
figns of a negative charge, which continued 
increafiag until near nine o'clock; at this 
time the ftorm fctfmed to be at its height, 
when the wind fuddenly fhifted front 
SW to N : every appearance is now aw- 
ful i the pith balls diverge to their utmoll 
limits, and are very much agitated; and 
the bell rang about half a minute. Half 
an hour after nine o'clock, the ftorm 
ceafed; and. the charge in the rod became 
very weak. During the frjacc of two 
hours, the ele&ricity changed fix times, 

A.M. 

From five to eight o'clock A. M. there was 

I a ftorm of wind and rain. The elecr,ri- 

I ctty changed once only* 

P. M. A mowery day. 



A\eg A.M.^-and P.M. Strong gales of wind, 
with rain. 

Pof/Between eleven and twelve o'clock A.M 
fell a fhowcr of rain, mixed with fnow, 
by which the rod became rather ftronglv 
electrified, pofitively; which continued* 
with fome variation of intenfity (without 
change of kind) near three hours. The 
erateft divergency of the pith balls was 
four inches, when fine fparks were re- 
ceived from the brafs ball N. 

N 
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December and January, 1791. 



Nearly all day. Divergency three-quar- 
ters of art inch. Weather ferene. 

The air is extremely moid; and fome 
fitiall raid fell feteral times this day, 
which was almoft void of the ele&uc 
fluid ; for I could not obtain it in quantity 
fufficient to afcertain the kind, until I 
added a lighted pitch torch to my 
hand exploring-rod. See fig. 2. 

The pith balls half an inch open nearly all 
day. 

Five o'clock this morning, a moft tremen- 
dous ftorm of wind, rain, lightning, and 
thunder, vifited London and other parts. 
I, being not well, and in bed, did not 

fet up to make obfervations. I thought 
heard the bell ring : however, the rod 
was but weakly electrified the reft of the 
day. The high wind continued, without 
rain, all day. 



l. 



Moderate weather thefe fix daj», and 
^ nearly a conftant charge of electricity in 
* the rod. 

IJ*M. A fair morning, and a wet evening. 

The rod has been electrified nearly all day, 
by a fog. 

A. M. In the evening negative, from a fall 
of rain. This evening much lightning 
and thunder at Canterbury. 

A.M. A foggy morning. Half an hour 
after eight o'clock P. M. happened a 
fudden gale of wind and rain, by which 
the rod became rather ftrongly ele&rified, 
negatively. 

The morning of this • day was frofty, and 
the evening wet. The'ele&ricity of the 
former was pofitive, ancf the latter nega- 
tive. 

P. M. Balls three-quarters of an inch open. 
Strong gales of wind, with rain. Nine 
o'clock P. M. fevere lightning and thun- 
der at Falmouth. 

Very fine weather thefe four days. Di- 
vergency of the pith balls have been be- 
tween null and near one inch open. 

ight o'clock A. M. I faw a large black 
cloud in the NNW: foon after, aftrong 
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January and February. 



wind fuddenly fprang up, and a little rain 
fell; during which, the rod was rather 
ftrongly electrified negatively, with fmall 
fparks. This charge of the rod only tailed 
eighteen minutes. 

? Fine weather, and almoft a conftant elec- 
$ trjeity thefe two days, 
P. M. A very high wind, and a weak elec- 
tricity. In the evening of this day, much 
lightning and thunder at Plymouth. 
P. M. from a ftiower of rain. 

)Very moderate weather, and a weak 
electricity, thefe four days. 

• From rain, with a ftrong wind. 



The weather for thefe twelve days hav- 
v ing been moderate, the electricity of the 
* atmofphcre has only been of fuch iatcn- 
fity as is common to ferene weather. 



P. M. from a (hower of rain, of large drops; 
the rod became electrified rather ftrongly 
pofitivo, and emitted fine bright fparks at 
the brafs ball N, 






The weather thefe nine days have been 
foggy and clear by turns ; and the elec- 
trification of the atmofphere conftant. 



There has been, thefe three days, 
ftrong wind, with mizzling rain; and 
the electricity fo weak, that I was 
obliged to connect, with the hand-rod, 

L- a LiGHTin torch, to afcertain. the 
kind. 
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February *nd Match, 



} 



Fine mild Weather, With a conflabt elec- 
tricity, thefe five days* 



Five o'clock, a dark cloudy morning, with 
feme final! rain; by which the rod be* 
came rather ftrongly ele&rified, oofitively. 
During the paffageof fome low clouds, the 
eleftric charge m the rod changed fife 
times; ajl of which changes, I have reafon 
to think, were only influeBtiatty effected. 

A,M. Rainy dark weather. In the after*- 
noon die charge in the rod became nega- 
tive, and remained fo full tnrte hours, 
without change of kind. 

Dark rainy Weather, atod a very Weak 
£ electricity. 



There has happened this day a continued 
rain, mixed with mow. The rod has been 
feveral times ftrongly charged; and the 
electricity gradually changed four tunes. 

The weather and the ete&rifkatidn of the 
rod hive been nearly the fame as in the 
preceding day. 

The weather and the operations of the rod 
have been nearly the fame as in the two- 
preceding days* 

? The weather has been foggy thefe three 
C days. 



Serene fair weather thefe feventeen days ; 

and the nights were generally frofty. 
>• The eleftricity of the atmofphere has, 
' been conftant; but too weak to aflord 

vifibje fparks. 
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This morning fell t warm drizzling fain i 
which feems to hate ached like a charm 
on the late cOnftant electrification of the 
atmofohere : for I find it (b weakly elec- 
trified face the rain fell* that I have bee* 
obliged to conned, with the rod* A 
lighted torch, to aJccitain the kind. 

Four o'clock thU morning, a fevere (term 
of wind and rain, driving full agaiaft my 
bed-room window, induced me to rife 
from my bed to fee the ftate of the 
rod ; which I found highly electrified, 
poutively. This wind did not abate Its 
force till fun-fet. Four o'clock P.M. fome 
rain fell, mixed with fnow, which lafted 
near one hour. During this time, the rod 
was raoft powerfully electrified, positive- 
ly: I counted feventeen foontaneous ex> 
plofions between the brau ball and beU« 
notwithstanding the bell was ringing all 
the time. Half an hour after five o'clock, 
came a fecond (howcr of rain, hail, and 
(how, which lafted half an hour, attended 
with uncommon darknefs : about half of 
this time, the elc&ric charge in the rod 
was as ftrong as it could pofltbly be; far 
the fluid almoft dreamed between the 
brafs ball and bell : I counted near twfc 
hundred very brilliant explofions between, 
the ball and bell. The bell rang all the 
time. This latter very high charge, waft 
firft negative; attended with bmr cfcxftgca 
of electricity, but all gradual* 



)The difpofition .of the atosofohtr* hat 

been mild and regular thefe tour day*; 
and the ftate of atmofoheric ek&ricfty 
conftant and periodical. 



Half an hour after nine o'clock, A. M. fell 
fome rain, by which the rod became elec- 
trified, negatively. Soon afterwards the 
wind became N, and attended withtfhowera 
of rain the reft of the lays all Of them 
moderately ele&rified, negatively* 
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The weather has been fair during thefe 

ten days, and the atmofpheric clectri- 

r city has been conftant ; yet it has been 

too weak to afford viiible fparks. 



Six o'clock, A.M. I found the night bottle 
charged fufficiently to explode with a vi- 
iible fpark ; the kind, negative. During 
the night, the weather had changed from 
dry to a mild rain. The rod nas been 
electrified negatively nearly all this day. 

) Mild ferene weather. The divergency of 
> the pith balls has been varying between 
V null and nearly one inch open. 

Weather ftill mild, and a conftant 'electri- 
city this day. 
From a fog. 



Mild ferene weather thefe nine days; 
, fome of them foggy : but whether clear 
t or foggy, the vapour in the air has been 
conftantly electrified, pofitively. 



A wet morning. Twelve o'clock, the rain 
fell more plentifully, and the rod was ra- 
ther ftrongly charged, negatively. 

Half an hour after twelve o'clock, P. M. an 
extenfive black cloud, without any breaks 
in it, approached the rod, by which it be* 
came ftrongly electrified, negatively; and, 
in the fpace of twelve minutes, a moft 
awful darknefs filled the atmofphere, and 
fome rain fell, mixed with hail. The 
electric charge in the rod now became po- 
fitive;' and, for the fpace of ten minutes, it 
was as ftrongly electrified as it poflibly 
could be; for 1 now counted 172 fponta- 
neous explofions between the brats bajl 
and bell; the feell ringing brifkly all the 
time, Thefe lucid fparks fucceeaed caqh 
other almoft too quick to be noted. When 
the explofive fparks ceafed, the electricity 
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of the rod changed, and ended a* it had 
begun, negative. A little after five o'clock 
fell a heavy (hower of rain, and a fecoad 
ftrong charge in the rod fucceeded, attend- 
ed with three gradual change* of kind. . 

A little after two o'clock, P. M. fell a 
(hower of rain, by which the rod became 
moderately elcftntied, negatively. The 
bell rang weakly. This charge in the rod 
continued four hours, without change of * 
kind. 

A. M. Three o'clock, P. M. fell a (hower 
of rain, which was rather ftrongly electri- 
fied, negatively, attended with three 
changes of kind. 

> Serene foggy weather thefe three days. 



M. from a (hower of rain. 

During the greateft part of the day. The 
weather (bowery. 

A.M. Afternoon negative. The weath/tr 
ftill Ihowery. 

A.M. A mild Ihowery morning. 

A. M. but very weak. Fair weather to-day. 

The atmofpherical ele&ricity has been fo 
very weak this day, that I was obliged to 
connect, with the hand-rod, a lighted 
torch, to ascertain the kind -of electri- 
city. 

f Fair ferene weather thefe four days; and 
r the atmofpheric cleftripity conftant. ^ j 
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jf Monthly Account of Sparks, and of P$/Hwe OnJNfga-* 
the EUclricitjy as indicated by the Pith-ball Ekftrome* 
ter^ connecled with the rod\ excepting a few thnes$ in vetf 
fmijf weather, in which it was obtained by the hand expkr* 

' tng~rody with a lighted torch to it* See fig. 2. 

Spark* clrairo^ 
Times Tim* Days. 

USES !&}«*«• *»«» ■» 

June Pof. 45 

July Pof* 36 

Auguft Pof. 33 
September Pof. 39 
Oaober Pof* 37 
ftovember Pof. 30 
December Pof. 35 
January Pof. 28 
February Pof* 36 
March Pof. 34 
April fof. 30 

4*3 *&7 1 *6" 

It appear^ by comparing the Qionthly account ot this, 
year with that of the preceding, that there has been a con* 
fiderable difproportion in die eleQrical pofitive ftate of the 
atmofphere; but which, when duly weighed, will not ap- 
pear fo great as it now does. For when it is confidered* 
that in the preceding year there were 73 days in which 
weak figns only of the eleQfic fluid were obferved; that 
feven days were deftitute of eledric figns; and that that 
kind of weather in which very weak figns of atmofpherical 
electricity could be obtained, is now found, by a more 
fenfible electrometer than was at that time ufcd, to be al- 
ways 
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relating to Atmospherical EkBricity. ,*5$ 

Vlrays pofitively eleflxified, it will, I prefumevdimjnifh the 
apparent difproportion/ And as for the remaining dif* 
ference, I alfo attribute a good deal of it to the accuracy 
©f my prefent mode bf obtaining atmoffcherical eie&ricity, 
With a more complete apparatus* by which I have been 
able to collet the ele&ric fluid, in fufficient quantity to 
afcertain the kind which predominates in the atmofphere, 
even in its weakeft ftate. I have, therefore* found it an 
eafy matter to fix the kind of eleftricity that the aqueous 
vapours in the air were charged with in each day through- 
out the year* 

- From repeated obfervajtidns* and long experience, I am 
perfe&ly fatisfied that the aqueous vapours, fufpended in 
die air, are* conftantly ele&r ified ; requiring only the aid 
of a proper colle&or* to render the effe&s of their ele£iri- 
city at all times fenfible; And for this reafon* there may 
be juftly faid to be an eledtrical atmofphere within our 
aerial atmofphere. 

During a courfe of moderate weather, the eleflricity of 
.the atmofphere is invariably pofitive; and exhibits a flux 
and reflux,- which generally caufes it to increafe and de~ 
ereafe twice in every twenty-four hours. The moments 
of its greateft force are about two or three hours after the 
rifing, and fome time before and after the iettiagy of the 
fun ; thofe when it is weakeft, are from mid-day to about 
four o'clock. The periodical ele&ricity of the atmofphere 
ieems to be manifeftly influenced by heat and cold* 'Hence 
it plainly appears, why we always find w*ro fmall rain to 

o be 
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fce but Weakly ele&rified ; \tfhen cold rain* which falls iff 
large drops* is the moft intensely eleclrified of any* 

• The abovetnentioned eighth day of May* completes my 
fecond year's Journal ; which, agreeable to my prdmife, I 
have flow die honour of presenting to the Royal Society, 
>vith a defcription of the improved atmospheric apparatus, 
Which has "been ufed for the foregoing observations* 

1 muft now clofe fliaft regular account which* for the 
laft two years, has daily occupied my attention. Should 
any Very remarkable appearances* however, in future take 
$lace, during a long eourfe 4>ffrofky wea-ther, which is the 
only ftate of the atmofphere that I have not yet experi- 
enced*, as my apparatus will continue in irder* I.ffaall 
carefully note thei% and prefent them to the Royal So-" 
fciety : hoping that fome more able philofopher may be in- 
duced to take his {hare of labour in this interefting and 
promifing field* in order to inveftigate* as far as pofiible* 
the nature of fo a&ive, univerfal* and, in all probability* 
important an agent, as the atmofpherical electricity feems 
to be ; and to purfue the fubjeft, with that diligence, and 
unprejudiced accuracy, which has been my principal ob-< 
jeft in the courfe of my ©bfervations. 

* As I do sot remember that there have been twenty-four hours Q$ 
far d froft during the laft two winter*. 



The fix fotlowing Pages (which I beg leave to fuhjoin) have 
net been prefented to the Royal Society. ♦ 

Though 



relating to Atmofphtrical EkSrkUy* 15^-. 

Though the nature and confined limits of the plan of 
the preceding Journals, did not admit of much variety jpf 
qbfervation, or a formal enumeration of every particular 
fa& j yet few things, I hope, of ufe and importance have 
been omitted* But, I wifh, in a more particular manner, 
to invite the philofophic reader to the inveftigation of the 
three following eflfe&s, which are in themfelvee, I think, 
themoft peculiar; and have already been fljortjy noticed, 
when they happened to take place in the rod, in feveral 
parts of the Journals ; and which I beg leave to do, for th? 
(afce pf f oncifenefe, by way of interrogation. 

Firft, When the high pointed rod is intenfely eleQri- 
fied, and the pith-balls annexed to it, diverging five or fix 
inches, why fhoujd they exhibit a waving pendulous mo- 
tion, without any diminution of their divergency, but v'w 
brate as if the thread* and balls wepe one fqlid and inflexi- 
ble fubftance ? 

Secondly, By what means, and in what manner are the 
electricities of the earth and atmofphere acted upon, fo as 
to caufe the pith balls to exhibit very quick jerks, by a 
fedden lofs of intenfity, from five to three, two, or even 
one inch aperture, while yet the balls as quickly recover 
their former iijtenfity, and fometimes recover it but flowly ? 
Thefe fudden jerks are never attended with a change of 
electricity, but the facts themfelyes happen in both kinds. 

4 Thirdly, In what maimer do the powers of nature effe£t 
a total difcharge of the highly eleftrified rod, in an inftant 
of time, arid the next inftant render it highly electrified 

02 as 



1,56 : • Meteorological Journal, &c. 

as at the firft, and either with or without a change of elec* 
tricity? Thefe ftriking effefts and appearances, I own, 
are attended with confiderable difficulties; of which I 
cannot, at prefeiit, give a folution fatisfa&ory to myfelf, nor 
gan I even imitate them by artificial ele&ricity. The fol- 
lowing circumftances, however, are clear, that thefe effe&s 
never happen with a weak eleQrification of the rod, nor 
always with a ftrong one ; but they are always more or Iefs 
difplayed, when a flafh of lightning happens in the neigh- 
bourhood of the rod, or is ftrongly prefumed to have hap- t . 
pened at no great diftance from. it. As thefe effe&s ap- 
pear to be immediately connefted with an explofion of 
lightning, they may poffibly ferve as a clue to the more 
complete investigation of that phenomenon; and are, 
therefore, worthy of the regard, and the moft minute exa* 
mination of the philofopher. 



Th 



Tbe following Obfervations .are chiefly f defied from the Worl$ 
of Mr. Achard and Mr, Cavallo, 



Mr. Achard obfcrves, on the imperfeQion of Meteoro* 
logy, that little progrefs will be made in it, fo long as ba- 
rometrical, thermometrical, and hygrometrical obferva- 
tions are not accompanied with the regular obfervations of 
the electricity of the atmofphere, of the eleQricity of rain, 
hail, fnows, mifts, and aqueous meteors in general. As it 
is now clearly afcertained, that electricity is a caufe of va- 
rious meteorological phenomena, it is rather furprifing that 
philofophers have not perceived the abfolute neceffity of 
joining an inftrument, by which obfervations may be made 
on the electricity of the atmofphere, to thofe which indicate 
Its weight, heat, and humidity. 

Without considering,' in this place, the. different proofs 
of the influence of electricity on meteors, it will be fuffi T 
dent to remark, that we cannot attain to an adequate 

knowledge 
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knowledge of any phenomenon occafioned by the concur* 
rence of various cauies, without being acquainted with 
them all *, for, if any one js negle&ed, it will be absolutely 
impoffible thoroughly to explain the phenomenon. If 
ele&ricity is not the fole caufe of feveral meteorological 
appearances, it is undoubtedly concerned more or lefs in 
their formation and elevation ; fo that by neglefting to ob* 
ferve it, as well as the*barometer,&c, we ioofe the fruits of, 
other, everj very exaft, meteorological obfq-vations. 

The influence of ele£tricity on vegetation, is proved by 
a fet of observations made by different philofophers ; but 
it evidently appears, that the botanic meteorological obfer* 
vations alone will never be fo ufeful as might be expe&ed* 
till we unite thofe made by an inftrument, which will in-, 
fiicate the eleclxic ftate of the atmpfphere to thofe made 
with other inftruments, It is owing to this caufe, perhaps, 
that it is impoffible to draw any conclufton from the bo* 
tanical meteorological obferyations of Meffrs. Gautie? 
and Duhamel, whl c h Wefe continued from 175 1 to 1769, 

It is remarkable, that iq tjiofe days in which \it obfervec| 
no electricity in the air, there Vf& no 4ew at night ; while^ 
on the other nights, it fell in- greater or lefs quantities. Mr, 
Achard does not think thofe obferyations fufficient to 
determine that dew is occafioned by ele&ricity 5 but it may* 
fte thinks, be fairly inferred, that the elevation and fall of 
the dg w is pbftru&ed, or promoted by the eleftricity of the 
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As de&ricity is often* if not always* the daufe of dew* 
ho oae will doubt the nefceffity of attending to it iif the bota- 
nical meteorology* as every one is acquainted with the in-* 
fluence of de\V on the growth of vegetables* 

Having endeavoured to prt>ve the neCeffity of combining 
bbfervations on die ele&ricity of the atmosphere* with othetf 
meteorological obfervations, Mr. Achard proceeds to de- 
fcribe the properties requifite in a good sttmofpherical elec- 
trometer* die want of which accounts for the negleft a&d 
iupinenefs of philofophers on this fubjeft* 

Mr* Cmtalloj on this fubjeft, fays it appears* from the 
observations which have been made on the cleQricity of 
the atmofphere, that nature makes great ufe of this fluid in 
promoting vegetation* 

1 ft. In the fpring* when plants feegrn to grow* theif 
temporary ele&rical clouds begin to appear, and pour forth 
ele&ric rain* The ele&ricity of the clouds and of the rain 
continues to increafe till that part of the autumn in which 
the laft fruits are gathered* 

idly, It is this fluid which fuppties comnion lire with 
that moifture; by the help of which, it a£luateS and ani- 
Aiates vegetation ; it is the agent that colleQs the vapours, 
forms the clouds, and is then employed to condenfe them 
inWrain* 

3%> 
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3dly> From the fame principle may be explained th£ 
proverb, that no watering gives the country fo fmiling a look 
as rain. The clouds which bring the rain, by extending 
their eleftric atmofphere to the plants, difpofe the pores 
of the latter to receive with greater facility the water 
which is impregnated with this penetrating and dilating 
fluid* JBefides, it is natural to fuppofe, that the pofitive 
eleflricity which continually, prevails in ferene weather, 
will contribute to promote vegetatioif, fince this has been 
•found to be the effeft even of artificial efe&ricity. 



£ I N I S. 



JW 





°^ 



J dAtadrfd, 



